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PREFACE

This progress report summarizes the research and development activites conducted in
the Environmental Sciences Division of Oak Ridge National Laboratory during the period
October 1, 1987, through September 30, 1988. The report is structured to provide descrip-
tions of current activities and accomplishments in each of the Division’s major organiza-
tional units. Following the accounts of section activities and program activities is a section
devoted to lists of information necessary to convey the scope of the work in the Division.
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OVERVIEW

The Environmental Sciences Division (ESD) of Oak Ridge National Laboratory
(ORNL) conducts research on the environmental aspects of existing and emerging energy
systems and applies this information to ensure that technology development and energy use
are consistent with national environmental health and safety goals. ESD performs basic
and applied research, environmental assessments, environmental engineering and demon-
stration, technology and operational support, and program management for the U.S.
Department of Energy (DOE), other federal and state agencies, and industry. ESD works
collaboratively with a number of federal agencies, universities, and the private sector in
accomplishing its programs and hosts a significant number of visiting investigators from
universities, industry, and other federal agencies. Offering an interdisciplinary resource of
staff and facilities to address complex environmental problems, the Division is currently
providing technical leadership for major environmental issues of national concern:
(1) acidic deposition and related environmental effects, (2) the global carbon cycle and
the effects of increasing concentrations of atmospheric CO, and the resulting climatic
changes to ecosystems and natural and physical resources, (3) hazardous chemical and
radioactive waste disposal research and development, and (4) development of commercial
biomass energy production systems. In addition, ESD manages DOE’s Carbon Dioxide
Information Center and a National Environmental Research Park (NERP). This progress
report outlines ESD’s accomplishments in these and other areas in FY 1988.

Research in the Ecosystem Studies Section is directed at quantifying how terrestrial
and aquatic ecosystems function and respond to the stresses of anthropogenic activities.
The Section has primary responsibility for the Walker Branch Watershed, which has been
used for the past 20 years to study ecosystem dynamics and mineral cycling in forested
landscapes. In addition, the Section is responsible for management of the Oak Ridge
NERP and serves as the Division liaison with the Tennessee Valley Authority Ecology
Program.

The Environmental Analyses Section develops theory and methods, analytical tools,
and numeric data bases to evaluate environmental problems and issues. The Section staff
conduct research and interdisciplinary assessments of environmental issues at spatial scales
ranging from the individual site to the regional landscape and the globe. The Section also
provides technical assistance for the development of policy on compliance with environ-
mental regulations. Section staff are making major contributions to the 1990 National
Acid Precipitation Assessment Program assessment on acidic precipitation.

The Environmental Engineering and Hydrology Section conducts research, develop-
ment, and demonstration projects that involve advanced waste disposal methods, surface
and groundwater hydrology, contaminant transport, and a variety of simulation models. A
significant component of the Section’s activities is concerned with the Oak Ridge Reserva-
tion. The Section focuses on activities that begin with potential sources of contaminants
and the engineering methods for their control and then traces the effects that various
hydrologic and geochemical processes have on the subsequent transport and fate of resid-
uals. In the process of stabilizing old sites and helping to design new, more effective dispo-
sal systems, the underlying science is considered the most important factor.
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The Environmental Toxicology Section is involved in basic and applied research
designed to elucidate the mechanisms through which contaminants affect biological sys-
tems and the ways in which receiving systems affect the availability and distribution of
materials to which they are exposed. Research is conducted from the subcellular and
biochemical level to the system level with experimental, observational, and simulation stud-
ies. Section staff are involved in development of biomarkers and other new approaches to
detecting chemical contamination, elucidation of the role of microbial populations in
organic materials transport and transformation, and understanding the bases of plant
response to physiological stresses including Os, acid rain, and other oxidants.

Staff of the Geosciences Section conduct basic and applied research directed toward
an understanding of the physical and chemical mechanisms that control the movement of
material through the lithosphere and atmosphere. Specific projects are carried out in the
areas of geochemistry, geology, geophysics, atmospheric science, soils science, and
oceanography and involve close interactions with scientists conducting biologic and hydro-
logic transport studies. The scope of the activities includes field characterization and test-
ing, laboratory experiments, and mathematical and computer modeling. The Section
strives to maintain a proper balance between basic and applied studies, and the common
theme that relates to the vast majority of the activities is associated with the study of
waste materials and by-products from energy production.

The Biomass Production Program (BPP) is a 10-year-old interdisciplinary program of
research on plant growth. The BPP includes four divisions at ORNL, more than 25 other
institutions (most of which are land grant universities), and several consulting scientists
across the country. The BPP mission is to improve the productivity and cost efficiency of
specialized energy crops destined for conversion to liquid fuel. ESD manages the BPP for
the Biofuels and Municipal Waste Technology Division, a part of the Conservation and
Renewables activities of DOE. The BPP has three major components within ORNL: Her-
baceous Energy Crops; Short Rotation Woody Crops; and in-house research focused on
physiology, nutrient cycling, economics, and data management/synthesis. With the excep-
tion of rapeseed for diesel oil production, all energy crops under study are primarily ligno-
cellulosic; that is, they are being developed for organic matter production (cellulose,
hemicellulose, lignin, and nonstructural carbohydrates) rather than for oil, special carbohy-
drates, or protein.

The Carbon Dioxide Research Program administers the Carbon Dioxide Information
and Analysis Center (CDIAC), the Carbon Cycle Research Program, and the resource
analysis work for the DOE Carbon Dioxide Research Division. ESD has the technical and
managerial responsibility for planning and meeting DOE goals in these areas and does so
with an in-house technical staff of 10 scientists supported by a group of 20 key university
collaborators. The major focus of the program is on maintaining the best quality global
data bases and models, analysis of the linkages and feedbacks between the principal com-
ponents of the global carbon cycle (atmosphere-biosphere-oceans), and evaluation of the
impacts of increased atmospheric CO, and global warming on the earth’s major resources
(forests, agriculture, fisheries, coastal zones, and water).
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ABSTRACT

REICHLE, D. E, et al. 1987. Environmental Sciences Division
Annual Progress Report for Period Ending September 30, 1986. ORNL-
6327. Oak Ridge National Laboratory, Oak Ridge, Tennessee.

The Environmental Sciences Division (ESD) of Oak Ridge National Laboratory (ORNL) con-
ducts research on the environmental aspects of existing and emerging energy systems and applies
this information to ensure that technology development and energy use are consistent with national
environmental health and safety goals. ESD performs basic and applied research, environmental
assessments, environmental engineering and demonstration, technology and operational support, and
program management for the U. S. Department of Energy (DOE), other federal and state agencies,
and industry. ESD works collaboratively with a number of federal agencies, universities, and the
private sector in accomplishing its programs. The Division offers an interdisciplinary resource of
staff and facilities to address complex environmental problems. ESD is currently providing technical
leadership for major environmental issues of national concern: (1) acidic deposition and related
environmental effects, (2) the global carbon cycle and the effects of increasing concentrations of
atmospheric CO, and the resulting climatic changes on ecosystems and natural and physical
resources, (3) hazardous chemical and radioactive waste disposal R&D, and (4) development of
commercial biomass energy production systems. In addition, ESD also manages DOE’s Carbon
Dioxide Information Center. This progress report outlines ESD’s accomplishments in these and
other areas in FY 1986.

In the Aquatic Ecology Section, research continues to focus on developing an understanding of
how freshwater ecosystems affect the transport and fate of materials and respond to these materials.
Activities related to ecosystem recovery and resiliency were substantially expanded during this fiscal
year and have become a major theme of the Section’s efforts. The Chernobyl accident brought
renewed interest and activity in radioecology.

The Earth Sciences Section is continuing its major involvement in ORNL’s remedial action
programs. In addition, growth and diversification of geoscience investigations in support of the Y-12
Plant are continuing. Other projects include the implementation of an advanced geochemical trans-
port code on a hypercube parallel computer, characterization of the history of heavy metal contami-
nation of the sediments of Pearl Harbor, Hawaii, and collaborative testing of the Environmental
Protection Agency’s Toxicity Characteristic Leaching Procedure.

The Environmental Analyses Section performs quantitative and qualitative assessments of the
impacts of human activities on the environment. Highlights for FY 1986 include continued techni-
cal support to the National Acid Precipitation Assessment Program environmental surveys; analysis
of how environmental regulations may affect DOE; data management for, and technical analyses of,
hazardous waste remedial actions at ORNL,; risk assessment techniques for marine systems; and
evaluation of remote sensing techniques. Technical analyses in support of the National Environmen-
tal Policy Act are continuing.

The Terrestrial Ecology Section conducts basic and applied research in support of energy tech-
nology development and has, as a major objective, development of a more thorough understanding
of the basic processes that govern the transport and effects of materials in terrestrial ecosystems.
Highlighted this year are recent advances in physiological ecology, biogeochemical cycling, and eco-
system dynamics, as these themes relate to national environmental issues.

iii

TE
e



iv

Activities of the Biomass Production Program consist of technical management of the Short
Rotation Woody Crops Program, the Herbaceous Energy Crops Program, and environmental and
economic analyses in support of these two programs. In the Short Rotation Woody Crops Program,
tree- and stand-level ecophysiological growth modeling of wood energy crops has been initiated
across the United States to define the most important traits for genetic improvement of selected
“model” species. In the Herbaceous Energy Crops Program, screening efforts associated with herba-
ceous lignocellulosic and oil-seed-producing species are in the early stages of identifying and select-
ing plants for their maximum energy production, which is often inversely related to their maximum
food value. Wood and herbaceous lignocellulosic energy crops will be the renewable raw feedstock
for producing alternative liquid and gaseous fuels using conversion technologies.

The Carbon Dioxide Research Program continues to administer DOE’s Global Carbon Cycle
Program. It also oversees ORNL'’s research for DOE’s Carbon Dioxide Research Division on the
carbon cycle and the biological effects of increased atmospheric CO,. Intensive program planning
followed the publication in 1985 of a state-of-the-art report on atmospheric CO; and the global car-
bon cycle. Notable research results include the acquisition of winter data on the CO, flux from the
North Pacific Ocean, which has caused a substantial revision of the models of global CO, sources
and sinks, and an indication, from satellite imagery and modeling, of the importance of climate act-
ing on the terrestrial biosphere in regulating seasonal and interannual variations in atmospheric
CO,.

The objective of the Carbon Dioxide Information Center (CDIC) is to compile, evaluate, and
distribute CO,-related information in support of DOE’s Carbon Dioxide Research Division. To
accomplish this objective, CDIC identifies researchers’ needs for data and computer hardware, soft-
ware, and languages; obtains, evaluates, and ensures the quality of information; and works with
other national and international data centers as well as individual researchers to promote and facili-
tate the exchange of data. CDIC’s functions include information analysis as well as information dis-
tribution activities. Highlights for FY 1986 include the compilation of four numeric data packages,
the development of methods for studying the effects of climate change on world resources, and the
development of a research plan for using computer-generated sound to analyze multivariate data.
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ABSTRACT

REICHLE, D. E, et al. 1987. Environmental Sciences Division
Annual Progress Report for Period Ending September 30, 1986. ORNL-
6327. Oak Ridge National Laboratory, Oak Ridge, Tennessee.

The Environmental Sciences Division (ESD) of Oak Ridge National Laboratory (ORNL) con-
ducts research on the environmental aspects of existing and emerging energy systems and applies
this information to ensure that technology development and energy use are consistent with national
environmental health and safety goals. ESD performs basic and applied research, environmental
assessments, environmental engineering and demonstration, technology and operational support, and
program management for the U. S. Department of Energy (DOE), other federal and state agencies,
and industry. ESD works collaboratively with a number of federal agencies, universities, and the
private sector in accomplishing its programs. The Division offers an interdisciplinary resource of
staff and facilities to address complex environmental problems. ESD is currently providing technical
leadership for major environmental issues of national concern: (1) acidic deposition and related
environmental effects, (2) the global carbon cycle and the effects of increasing concentrations of
atmospheric CO; and the resulting climatic changes on ecosystems and natural and physical
resources, (3) hazardous chemical and radioactive waste disposal R&D, and (4) development of
commercial biomass energy production systems. In addition, ESD also manages DOE’s Carbon
Dioxide Information Center. This progress report outlines ESD’s accomplishments in these and
other areas in FY 1986.

In the Aquatic Ecology Section, research continues to focus on developing an understanding of
how freshwater ecosystems affect the transport and fate of materials and respond to these materials.
Activities related to ecosystem recovery and resiliency were substantially expanded during this fiscal
year and have become a major theme of the Section’s efforts. The Chernobyl accident brought
renewed interest and activity in radioecology.

The Earth Sciences Section is continuing its major involvement in ORNL’s remedial action
programs. In addition, growth and diversification of geoscience investigations in support of the Y-12
Plant are continuing. Other projects include the implementation of an advanced geochemical trans-
port code on a hypercube parallel computer, characterization of the history of heavy metal contami-
nation of the sediments of Pearl Harbor, Hawaii, and collaborative testing of the Environmental
Protection Agency’s Toxicity Characteristic Leaching Procedure.

The Environmental Analyses Section performs quantitative and qualitative assessments of the
impacts of human activities on the environment. Highlights for FY 1986 include continued techni-
cal support to the National Acid Precipitation Assessment Program environmental surveys; analysis
of how environmental regulations may affect DOE; data management for, and technical analyses of,
hazardous waste remedial actions at ORNL; risk assessment techniques for marine systems; and
evaluation of remote sensing techniques. Technical analyses in support of the National Environmen-
tal Policy Act are continuing.

The Terrestrial Ecology Section conducts basic and applied research in support of energy tech-
nology development and has, as a major objective, development of a more thorough understanding
of the basic processes that govern the transport and effects of materials in terrestrial ecosystems.
Highlighted this year are recent advances in physiological ecology, biogeochemical cycling, and eco-
system dynamics, as these themes relate to national environmental issues.
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Activities of the Biomass Production Program consist of technical management of the Short
Rotation Woody Crops Program, the Herbaceous Energy Crops Program, and environmental and
economic analyses in support of these two programs. In the Short Rotation Woody Crops Prograni,
tree- and stand-level ecophysiological growth modeling of wood energy crops has been initiated
across the United States to define the most important traits for genetic improvement of selected
“model” species. In the Herbaceous Energy Crops Program, screening efforts associated with herba-
ceous lignocellulosic and oil-seed-producing species are in the early stages of identifying and select-
ing plants for their maximum energy production, which is often inversely related to their maximum
food value. Wood and herbaceous lignocellulosic energy crops will be the renewable raw feedstock
for producing alternative liquid and gaseous fuels using conversion technologies.

The Carbon Dioxide Research Program continues to administer DOE’s Global Carbon Cycle
Program. It also oversees ORNL’s research for DOE’s Carbon Dioxide Research Division on the
carbon cycle and the biological effects of increased atmospheric CO,. Intensive program planning
followed the publication in 1985 of a state-of-the-art report on atmospheric CO, and the global car-
bon cycle. Notable research results include the acquisition of winter data on the CO, flux from the
North Pacific Ocean, which has caused a substantial revision of the models of global CO, sources
and sinks, and an indication, from satellite imagery and modeling, of the importance of climate act-
ing on the terrestrial biosphere in regulating seasonal and interannual variations in atmospheric
CO,.

The objective of the Carbon Dioxide Information Center (CDIC) is to compile, evaluate, and
distribute COj-related information in support of DOE’s Carbon Dioxide Research Division. To
accomplish this objective, CDIC identifies researchers’ needs for data and computer hardware, soft-
ware, and languages; obtains, evaluates, and ensures the quality of information; and works with
other national and international data centers as well as individual researchers to promote and facili-
tate the exchange of data. CDIC’s functions include information analysis as well as information dis-
tribution activities. Highlights for FY 1986 include the compilation of four numeric data packages,
the development of methods for studying the effects of climate change on world resources, and the
development of a research plan for using computer-generated sound to analyze multivariate data.
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Introduction

Research in the Aquatic Ecology Section is directed at understanding the way aquatic ecosys-
tems operate and at predicting how aquatic resources will respond to the stresses of anthropogenic
activities. Four research groups are currently active: Biogeochemical Cycling, Biomonitoring,
Ecosystem Dynamics, and Toxicology and Ecological Effects.

Aquatic research emphasizing biogeochemical cycling focuses on the transport and transforma-
tion of radionuclides, nutrients, and energy-related contaminants. The two summaries of radionu-
clide research presented below highlight the use of !3!I fallout from the Chernobyl accident to test
the predictions made by mathematical models of the transfer of radioiodine from air to vegetation
to milk and the use of radionuclides as tracers to quantify the relationship between contaminant
input, deposition, and accumulation in a reservoir embayment. The summary of our biogeochemical
research in streams highlights the chemical and biological characteristics of acidic and circumneu-
tral streams in the Southeast and the Adirondacks of New York.

A biological monitoring program is required as a condition of the National Pollutant Discharge
Elimination System (NPDES) permits issued recently to each of the three U.S. Department of
Energy (DOE) facilities on the Oak Ridge Reservation [Y-12 Plant, Oak Ridge National Labora-
tory (ORNL), and Oak Ridge Gaseous Diffusion Plant]. These programs are being developed and
implemented by a diversity of staff in the Environmental Sciences Division. Our approach to
biomonitoring involves the application of fundamental ecological principles (1) to assess the effects
of effluent discharges on the biotic integrity of area streams, (2) to evaluate various remedial action
alternatives, and (3) to determine the resiliency of ecosystems following such actions.

Aquatic research directed toward understanding the dynamics of whole ecosystems and the
functioning of ecosystem components continues to be a major focus in the Section. Three lines of
research were pursued in the Ecosystem Dynamics Group during FY 1986: (1) theoretical and
experimental studies of nutrient cycling and ecosystem resilience, (2) laboratory studies designed to
increase the lipid yield of microalgae, and (3) field studies in which a naturally occurring radionu-
clide ("Be) is being used as a tracer for investigating the transport and fate of contaminants in
freshwater ecosystems.

The Toxicology and Ecological Effects Group conducts research directed toward understanding
and quantifying the fate and effects of potentially toxic chemicals in the aquatic environment. The
role of physicochemical partitioning in the transport and biological availability of organic contam-
inants is examined through a combination of laboratory and field studies. The Lake Acidification
and Fisheries Project focuses on developing and applying models that use laboratory bioassay data
to predict the response of fish populations in the field to acidification. Efforts during the past year
have involved further analyses of the bioassay data on brook trout from the University of Wyoming,
organizing and hosting a workshop titled “Predicting Responses of Fish Populations to Acidifica-
tion,” and applying a framework for using both laboratory and field information to predict regional
acidification effects on brook trout populations in the Adirondack region of New York State.
Ecosystem models forecasting the likely effects of toxic chemicals on the production dynamics of
aquatic systems continue to be evaluated and refined. Sensitivity and error analyses of a limnetic
water column model quantified the relative contribution of different model parameters to the pro-
duction dynamics of populations of aquatic plants and animals in the model. Identification of the
relative sensitivity of forecasted effects to uncertainties in the values of model parameters will help
focus resources to obtain more accurate model forecasts.
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A major activity of the Toxicology and Ecological Effects Group has been an effort to assess
the toxicity of industrial effluents and their effects on the DOE sites in Oak Ridge. Two com-
ponents of the effort are highlighted in this report. Aquatic bioassays are being used both to assess
the toxicity of effluents from specific industrial processes and to routinely monitor the water quality
of streams into which the effluents are discharged. An example of this work is described below.
More subtle and long-term effects of contaminant input on aquatic biota are being evaluated by
measuring a variety of biological markers that either quantify exposure to contaminants or provide
an indication of adverse effects on the animals. During the last year, a variety of indicators were
developed, screened, and applied to fish from polluted and pristine streams. The preliminary results
indicate a gradient of decreasing levels of adverse chronic effects in fish sampled at increasing
distances from the source of pollution. Laboratory experiments are being initiated to demonstrate
causal relationships between contaminant exposure and changes in a suite of biological markers.

The Use of Chernobyl Fallout to Test Model Predictions of the
Transfer of Radioiodine from Air to Vegetation to Milk

B. G. Blaylock, M. L. Frank, F. O. Hoffman, C. R. Olsen,! Z. Combs, E. Amaral

The Chernobyl accident resulted in numerous measurements of concentrations of 3 in air,
vegetation, and milk from a variety of locations in different countries. These data provide an oppor-
tunity to test predictions made with mathematical models of the air-vegetation-milk transfer of !3!I.
Data on the concentrations of *'I in air, vegetation, and milk from reports received from Italy,
France, Belgium, and the Federal Republic of Germany, and from samples collected in the vicinity
of Oak Ridge National Laboratory have been analyzed. These data represent a total of 11 different
locations and constitute what is very likely the largest data base ever assembled for testing model
predictions of the air-pasture-cow-milk transfer of 1311,

A comparison of observed values with model predictions indicates a tendency for the models to
overpredict the air-vegetation-milk transfer of Chernobyl '*'I by a large margin (1 to 2 orders of
magnitude). The extent of these overpredictions is much larger than indicated by previous attempts
at model validation for the *'I air-grass-cow-milk pathway. At only one location, Grenoble, France,
did the model predictions come within a factor of 2 of the observed data. Detailed analysis of the
data indicated that, in general, most overpredictions were accounted for by the portion of the air-
pasture-cow-milk pathway dealing with the transfer from air to pasture vegetation rather than the
transfer from vegetation to milk. For the transfer from vegetation to cow’s milk, model predictions
were generally within a factor of 2, except for data collected from the states of Baden, Bavaria, and
Westphalia in the Federal Republic of Germany and from Ispra, Italy. At these locations, overpre-
dictions of the vegetation-to-milk transfer ranged from a factor of 4 to almost 1 order of magni-
tude.

A precise determination of the cause of the model overprediction requires the acquisition of
detailed information on site-specific conditions prevailing at the time the measurements were made.
A partial analysis, using available data to infer site-specific conditions and parameter values, indi-
cates that differences "between the model predictions and the observations can be explained by
(1) overestimation of the fraction of the total amount of '3'I in air that was present as molecular

'Earth Sciences Section, ESD.
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vapor, (2) overestimation of wet and dry deposition of elemental and organic iodine and particulate
aerosols, (3) overestimation of initial interception by vegetation of material deposited during severe
thunderstorms, (4) underestimation of the rates of dilution, by means of weathering and growth, of
material deposited on vegetation during periods of spring growth, (5) underestimation of the
amount of uncontaminated feed consumed by dairy cows, and (6) overestimation of the diet-to-milk
transfer coefficient for 13'1. Many of the parameter values assumed in the models are representative
of average conditions and do not vary as a function of the time of the year. Therefore, some of the
factors identified above imply that the model overpredictions may have been less if the accident had
occurred in summer rather than in spring. Correcting the model predictions to accurately simulate
the data would result in calculated human exposures from the consumption of contaminated milk
by average adults of the same order of magnitude as exposure from direct inhalation of *!I in air.

The Use of Chernobyl Fallout to Quantify the Transfer
of Submicron Aerosols from Rain to Vegetation and to
Test Natural "Be as an Environmental Tracer

F. O. Hoffman, I. L. Larsen,! M. L. Frank, B. G. Blaylock,
C. R. Olsen,! and Z. Combs

The Chernobyl accident provided an opportunity to investigate the use of fallout radionuclides
as tracers of the rain-to-vegetation transfer of submicron aerosols and to evaluate the potential for
naturally occurring “Be to quantify the rain-to-vegetation transfer of various submicron aerosol con-
stituents in the atmosphere. From early May through mid-June data were collected on the total
atmospheric deposition and concentration of 'I, %Ry, !3Cs, and !'¥’Cs from the Chernobyl
accident, and of natural "Be in bulk rain samplers and on indigenous species of pasture vegetation
in the vicinity of ORNL. The radionuclides were measured using gamma spectrometry with a
germanium-lithium detector.

Analysis of the data indicates that the efficiency of the radionuclide transfer to, and retention
by, vegetation (calculated from the amount deposited by rain per unit ground area) decreased with
increasing precipitation. These results reflect the process of saturation of vegetation surfaces with
increasing precipitation, leading to enhanced wash-off, which decreases the efficiency with which
constituents in rain are adsorbed and increases the efficiency of removal of previously deposited
material. Analyses based on radionuclide concentrations in rain indicate that, as daily precipitation
increased between zero and 10 mm, radionuclides accumulated on vegetation. However, when rain-
fall exceeded 10 mm per day, a steady-state relationship between rain and vegetation was
approached, with average concentration ratios varying between 30 and 70 [pCi/kg vegetation (dry
wt):pCi/L rain]. This observation indicates that during high-intensity rainfall the rate of radionu-
clide removal from vegetation surfaces approximates the rate of accumulation. Above 20 mm of
daily precipitation, the average concentration ratios decreased only slightly, suggesting that the
removal from vegetation surfaces of previously deposited radionuclides by the more dilute rain that
falls toward the middle and end of a storm event is only moderately enhanced with increased pre-
cipitation.

'Earth Sciences Section, ESD.
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Beryllium-7 appears to be a suitable tracer for the major processes affecting aerosol deposition
and the interception and retention by vegetation of constituents in rain. A strong correlation was
found between the rain-to-vegetation transfer of "Be and that of the Chernobyl radionuclides (Fig.
1.1). An additional comparison was made using preliminary data obtained from the Environmental
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Fig. 1.1. Rain-to-vegetation transfer factors for Chernobyl radionuclides plotted against those
for naturally occurring "Be. The transfer factors are expressed as concentration ratios [pCi/kg vege-
tation (dry wt):pCi/L rain]. (r = correlation coefficient.)
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Measurements Laboratory (EML) monitoring site near Chester, New Jersey (M. Dreicer, Environ-
mental Measurements Laboratory, New York, personal communication to F. O. Hoffman, August
13, 1986). The EML data showed that "Be was nearly a direct tracer of the rain-to-vegetation
transfer for Chernobyl fallout. However, the relationships between "Be and Chernobyl fallout
developed at ORNL (Fig. 1.1) produce lower values than those obtained with the EML data. These
differences are nevertheless within the uncertainty associated with radiometric analysis and the
differences in methods of sample collection and preparation.

We hypothesize that the physical processes controlling the interception and retention of "Be by
vegetation are similar to those affecting the Chernobyl radionuclides, and that such processes domi-
nate over obvious differences in chemical adsorption and desorption. Therefore, naturally occurring
"Be should be useful as a quantitative tracer of the rain-to-vegetation transfer of other submicron
aerosols in the atmosphere.

Radionuclides as Tracers to Quantify the Relationship Between Contaminant
Input, Deposition, and Accumulation in Aquatic Environments

C. R. Olsen! and 1. L. Larsen!

We have measured the particle-to-water distribution of atmospherically derived radionuclides
in aquatic systems to quantify the rates of sorption onto suspended matter and the rates of removal
from the water column by settling particles. In addition, we have measured the vertical distribution
of these radionuclides in sediment cores to document the rates and patterns of particle deposition.

The particle-to-water distribution coefficients (Ry’s) measured in large-volume water samples
collected in the Walker Branch embayment of Melton Hill Reservoir range from ~10° for
Chernobyl-derived '*'I and '%°La to 10° for !©Ru, '3*Cs, ¥Cs, and naturally occurring "Be and
21%Ph. The sorption rates for particle-reactive radionuclides (i.e., Ry = 10°) were dependent on the
concentration of suspended matter and range from 10 to 20% per day. Residence times for these
radionuclides in the embayment waters range from 5 to 10 d.

The vertical distributions and inventories of radionuclides in sediment cores indicate that
radionuclide accumulation is spatially heterogeneous. Radionuclide inventories in embayment sedi-
ments range from 50 to 100% of the inventory expected from their atmospheric flux. These data
indicate that the embayment serves as an effective (short-term) trap for fine particles and particle-
reactive contaminants. In future work we will continue to use radionuclides as tracers to quantify
the relationship between contaminant input, deposition, and accumulation in aquatic environments.

Ecological Effects of Acidification on Low-Order Woodland Streams

J. W. Elwood, M. A. Bogle,! H. L. Boston, R. B. Cook, L. A. Ferren,
D. M. Genung, P. J. Mulholland, A. V. Palumbo, and R. R. Turner!

Work continued in the third year of this 3-year project on the chemical and biological effects
of acidification on woodland streams in the southern Appalachian Mountains of Tennessee and
North Carolina and in the Adirondack Mountains of New York. The project is funded by the Elec-
tric Power Research Institute. Studies focused on defining the chemical and biological characteris-
tics of selected acidic and circumneutral streams in these two regions.

'Earth Sciences Section, ESD.
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Some potential indirect effects of surface water acidification are (1) a reduction in available
phosphorus in surface waters due to reduced mineralization of organic phosphorus under acidic con-
ditions (low pH, high aluminum concentration), (2) increased sorption of phosphate to soils and
sediments under acidic conditions, and (3) adsorption and/or coprecipitation of phosphorus by alu-
minum hydroxide, which is precipitated from acidic solutions as pH increases downstream. To
examine the effect of acidification on soluble phosphorus concentrations in stream water, we con-
ducted studies of phosphorus and aluminum dynamics at sites covering a range of pH and alumi-
num levels. The results indicate that both monomeric aluminum and soluble phosphorus are
removed from stream water when pH increases from 4.5 to >5.0. Soluble phosphorus levels were

" minimal at sites with a pH of 5.0 to 6.0, which were downstream from more acidic reaches.

Tracer studies in which PO, was added to stream water from acidic sites, followed by NaOH
additions to increase the pH (from 4.5 to >5.5), showed rapid loss of *PO, from solution through
adsorption of phosphate on small particles and/or coprecipitation of phosphate with small particles
(0.1 to 0.2 um). Assays of phosphatase, an exoenzyme associated with the epilithic community on
rocks, indicated that this community was more phosphorus limited at, and downstream from,
reaches where aluminum and phosphorus were removed from solution. Together, these results indi-
cate that surface water acidification can increase phosphorus limitation and consequently reduce
productivity of aquatic systems downstream. This increase in phosphorus limitation occurs down-
stream from the most acidic reaches of the drainage and appears to be caused by the adsorption
and/or coprecipitation of aluminum and phosphorus as pH increases.

There are other indirect and direct effects of acidification on bacterial and periphyton commu-
nities in the study streams, although the two communities exhibit contrasting responses. Epilithic
bacterial production was significantly lower in highly acidic streams (pH <5) compared with
streams similar in size, elevation, order, and location but with pH values >6. Bacterial production
and microbial respiration on leaf material were also reduced in the highly acidic streams. The
decomposition rates of leaves in the streams with pH values <6 were lower than the rates in the
higher-pH streams, largely because of the reduced microbial respiration associated with the leaves.
Aluminum accumulated on decomposing leaf material at a faster rate in the low-pH streams, sug-
gesting that aluminum toxicity may be a cause of the lower microbial respiration observed.

In contrast to the response of bacteria to acidic conditions, periphyton biomass and production
(per unit surface area) were greater in the highly acidic streams. There were also large changes in
periphyton community composition with acidification. Streams with pH values >5.5 were dom-
inated by small blue-green algae and chrysophytes, whereas streams with pH values <5.0 were
dominated by diatoms and green algae.

The acidification of streams (and its effects on bacteria and periphyton observed in our stu-
dies) is very likely due to both the chemistry of the stream water (direct effect) and changes in the
macroinvertebrate community (indirect effect). Experimental manipulations of pH and aluminum
indicated that low pH (<5) and/or high concentrations of inorganic monomeric aluminum (>0.2
mg/L) reduced the production of bacterial and periphyton communities from a stream with an
ambient pH of >6. Experimental manipulations of macroinvertebrate grazer densities indicated that
bacterial production was reduced and periphyton biomass and production were increased at low
grazer densities. We conclude from these studies that reduced pH, increased aluminum concentra-
tions, and reduced density of macroinvertebrate grazers may all contribute to reduced bacterial pro-
duction in highly acidic streams. Although reduced pH and increased aluminum concentrations may
account for the shifts observed in the species composition of the periphyton community, the
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increased periphyton biomass and production in the highly acidic streams are primarily the result of
a reduction in the number of macroinvertebrate grazers.

Preliminary Screening of Radionuclides in White Oak Lake
and Environs for Remedial Action Scenarios

B. G. Blaylock, M. L. Frank, F. O. Hoffman, and D. Mohrbacher

A screening analysis for radionuclides in White Qak Lake and its environs is being conducted
to identify radionuclides and critical pathways that pose potential problems for human exposure.
The analysis addresses three remedial action scenarios: (1) the lake is maintained in its current
state, and the public is allowed free access to the lake and its environs; (2) the lake is completely
drained, and the public is allowed free access to the area; and (3) the lake is drained, sediments are
either excavated or capped, a canal is constructed around the area to divert the flow of White Oak
Creek into the Clinch River, and the public is allowed free access.

The exposure pathways considered include terrestrial and aquatic food-chain pathways as well
as external exposure to sediment, soil, and water from a variety of outdoor activities (e.g., swim-
ming, sunbathing, etc.). The most recent data on concentrations of radionuclides in the soils, sedi-
ments, water, and biota of White Oak Lake and environs were used in the screening analysis. When
environmental data were not available, appropriate mathematical models were used to predict the
concentrations of radionuclides for the environmental parameters needed in the screening analysis.
The primary radionuclides considered for screening in the food-chain pathways were !37Cs, %Co,
and *Sr. In addition, tritium was evaluated for external exposure pathways.

For the hypothetical terrestrial food chain, the greatest dose contributions would be expected
from '3’Cs in beef and milk from cows grazing on the White Oak Lake floodplain. Vegetables
grown on the lake bed and consumed by humans would also be a !3’Cs pathway of concern. The
dose contributions from the aquatic food-chain pathway were more than a factor of 10 less than the
contributions from the hypothetical terrestrial food-chain pathway. Cesium-137 and *Sr in fish and
37Cs and ®Co in aquatic plants were the major dose contributors from the aquatic food chain.
Additional screening of all radionuclides, including the transuranic elements, will be completed in
the near future, and dose calculations for the various pathways will be compared with appropriate
standards. In addition to identifying critical food-chain pathways and problem radionuclides, this
analysis will help identify the research efforts needed for remedial actions on White Oak Lake.

Bioaccumulation Monitoring in the Y-12 Biological Monitoring
and Abatement Program

G. R. Southworth

The Y-12 Plant must conduct a biological monitoring and abatement program (BMAP) in
East Fork Poplar Creek as a condition of its NPDES discharge permit issued by the U.S. Environ-
mental Protection Agency (EPA) and the Tennessee Department of Health and Environment
(TDHE). The objective of the monitoring program is to ensure that East Fork Poplar Creek down-
stream from all Y-12 Plant discharges meets the criteria for various uses, as designated by the
TDHE. Of greatest significance is the use of the stream for the growth and propagation of fish and
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aquatic life. One criterion for meeting this classification is that discharges do not result in the accu-
mulation of hazardous levels of toxic substances in aquatic organisms in the receiving water. A
component of the BMAP therefore addresses the problem of bioaccumulation.

East Fork Poplar Creck downstream from Y-12 is currently closed to fishing and swimming
because of the excessive levels of mercury in fish and sediments found there. Studies conducted in
1984 suggested that polychlorinated biphenyl (PCB) and polycyclic aromatic hydrocarbon (PAH)
contamination may also be a problem in the stream. A primary objective of the bioaccumulation
task of the BMAP is to closely monitor changes in the levels of mercury and PCBs in fish through-
out the length of East Fork Poplar Creek as efforts continue within the Y-12 Plant to isolate and
abate sources of these contaminants. Clams were maintained in cages in the discharge from New
Hope Pond to monitor PAHs, which do not accumulate in fish due to their rapid conversion to
more polar metabolites.

The results of the 1985-1986 monitoring of mercury in redbreast sunfish (Lepomis auritus),
bluegill sunfish (Lepomis macrochirus), and carp (Cyprinus carpio) indicate that mercury levels in
fish from East Fork Poplar Creek have decreased substantially since 1982-1984, but that the levels
in many fish still exceed the action level of 1 ppm (by weight) set by the Food and Drug
Administration (FDA). Mercury levels in the fish appear to have remained stable over the past
year. The highest levels are found at the sampling site immediately below New Hope Pond, and
they decrease steadily with distance downstream. A pattern very similar to that of mercury was
observed for PCBs, with the highest levels found immediately below New Hope Pond and a steady

" decrease with distance downstream. While the levels.of PCBs in sunfish are well below the FDA

limit of 2 ppm (by weight), the levels in many carp collected in East Fork Poplar Creek in
1985-1986 exceeded this standard. The levels of PAHs observed in clams were low and did not
differ from those found in clams from the reference sites, despite the known presence of elevated
levels of PAHs in the sediments of East Fork Poplar Creek and New Hope Pond. It appears likely
that the PAHs in those sediments are associated with coal particles and are not biologically availa-
ble.

Efforts to reduce the discharge of mercury and PCBs appear to have resulted in noticeable
improvements over a relatively short period of time. Continuing efforts in this area and research
into the sources of the continuing contamination of East Fork Poplar Creek biota are needed to
restore the stream to an acceptable condition.

Nutrient Cycling, Ecosystem Structure, and Ecosystem Stability

D. L. DeAngelis, B. L. Kimmel, J. W. Elwood, P. J. Mulholland,
W. M. Post,! S. M. Bartell, D. M. Soballe, and A. V. Palumbo

Most theoretical models of ecological food webs have considered only the biomass or energy
dynamics of the interacting populations. It is increasingly being recognized, however, that because
nutrients are often limiting factors in ecosystems, nutrient cycling must be included in food web
models. We believe that the full importance of nutrient limitations in shaping ecosystem dynamics,
structure, and stability has not been realized. We believe that this is a result of a failure to effec-
tively link existing theory with empirical results and a lack of direct, systematic investigation.

"Terrestrial Ecology Section, ESD.
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Furthermore, we believe that, to advance our understanding of ecosystem stability, an experimental
evaluation of the relationship between the nutrient cycling properties and the stability of ecological
systems is now required.

The central thesis of our research is the following. Ecosystem stability results from the system’s
capacity to compensate for environmental fluctuations. This capacity is a product of the interrela-
tionships of the species and functional components of the system. These interrelationships are, in
turn, constrained by the supply of essential nutrients and by the disturbance regime. Figure 1.2
illustrates this postulated chain of influence from environmental nutrierit constraints through ecosys-
tem structure and function to stability.

ORNL-DWG 85-10940

ENVIRONMENTAL NUTRIENT
CONSTRAINTS, NATURAL
DISTURBANCE REGIME

ECOLOGICAL ADJUSTMENTS,
EVOLUTIONARY ADAPTATIONS

ECOSYSTEM STRUCTURAL
AND FUNCTIONAL PROPERTIES

NUTRIENT CYCLING DISTURBANCE
(Ng/N;) RELATIONSHIPS REGIME

ECOSYSTEM RESILIENCE

Fig. 1.2. Hypothesized interrelationships of environmental nutrient constraints, ecosystem struc-
tore, ecosystem resilience, and disturbance regimes. (Ng = recycled nutrients, Ny = nutrient
input.)
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Under a grant from the National Science Foundation Ecosystem Studies Program, we have
begun a project this year to test predictions regarding the interrelationships of nutrient cycling and
ecosystem resilience. This cannot be done easily in natural systems, but a set of recirculating artifi-
cial streams in which nutrient input and recycling can be controlled is available in the Environmen-
tal Sciences Division. Simple food webs will be established in these artificial streams, and their
responses to perturbations will be quantified in relation to food web structure and nutrient recycling
characteristics.

In work performed so far on this project, we have shown by theoretical analysis and computer
simulations that, in food webs with autotrophs controlled from the bottom up, ecosystem resilience
is relatively insensitive to the nutrient input rate, whereas in ecosystems controlled from the top
down, the resilience generally increases with increasing nutrient input. However, the latter result
depends strongly on the details of the nutrient recycling under conditions of top-down constraints. If
nutrients from harvested biomass are returned quickly to the system, resilience can be higher than
if they are not. These theoretical results will be tested experimentally in the artificial streams.

Our research is an attempt to link theory with empirical results and has implications for both
aquatic and terrestrial ecosystems. Our experimental results, in combination with dynamic
ecosystem simulation models, will form the basis for new system-level theory on the relationship
between the nutrient cycling properties and the stability of ecological systems.

Increasing Microalgal Lipid Yields Through Flow Cytometry
J. A. Solomon and R. E. Hand, Jr.!

Many microalgae synthesize and store oils which may be usable, with few conversion steps, as
a replacement for liquid fuels. The Solar Energy Research Institute is developing a technology to
optimize microalgal oil production, relying on low-value resources such as saline water in arid
regions, and currently has 20 promising microalgal strains in culture. Our research focuses on
increasing the average lipid content of these algae.

A range of lipid content is found in the cells of any algal population. It may be possible to
increase the lipid yield of an algal culture by separating and growing only those cells with the
highest lipid content. The relatively new technique of flow cytometry provides a means of making
measurements on each individual cell of a population. Based on these measurements, cells with a
particular combination of traits can be selected and physically separated (sorted) from the remain-
der of the population. In this study, nitrogen-deficient algal populations were analyzed for chloro-
phyll and lipid content simultaneously. Two subpopulations, one of high lipid content and one of
low lipid content, were separated from the remainder of the population. The sorted cells were grown
and later reanalyzed for lipid content.

In two of eight cases, the lipid content of the high-lipid fraction was 2.5 to 3.5 times greater
than that of the low-lipid fraction. Development of higher lipid levels in any population followed a
reduction in the chlorophyll:lipid ratio. Interestingly, the population distribution was bimodal, with
cells having one of two chlorophyll:lipid ratios. This suggests that the cells are in one of two meta-
bolic states, either a normal-growth phase or a lipid-accumulation phase, and that the transition

e T N R eI e

'Biology Division, ORNL.
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between these states is abrupt. The transition appears gradual in batch cultures because of intercel-
lular variation in the timing of the ratio shift.

The fact that high- and low-lipid populations can be produced from a mixed population sug-
gests that lipid content is a heritable trait and is thus amenable to manipulation. Furthermore, the
identification of two discrete metabolic states supports the concept of a “lipid trigger,” an environ-
mental event which stimulates lipid accumulation. Research is currently in progress to increase the
probability of obtaining high-lipid cultures through flow cytometric sorting and to relate the
chlorophyll:lipid ratio to the physiological state of the microalgal population.

Beryllium-7 Sorption Kinetics and Water Column Residence Time
in River-Reservoir Systems

C.R. Olsen,' I. L. Larsen,! P. D. Lowry,! C. J. Ford, and B. L. Kimmel

We are using the distribution of naturally occurring "Be (53.3-d half-life) to quantify the
kinetics of contaminant sorption on suspended matter and the rates of contaminant removal from
the water column in freshwater systems. Beryllium-7 enters aquatic systems as a dissolved constitu-
ent of rain water. Particle-to-water distribution coefficients measured in the Walker Branch embay-
ment of Melton Hill Reservoir have a median value of ~1.7 X 10°. Large-volume (~1000-L)
water and suspended matter samples collected in a time series after major precipitation events indi-
cate that the apparent sorption rates are dependent on suspended matter concentrations. Sorption
rates range from 10% per day during the winter to ~20% per day during the spring when biological
productivity and runoff increase suspended matter concentrations from ~5 to 15 mg/L.

Residence times of "Be in the water column range from 5 to 10 d and correspond well with
phytoplankton sinking rates measured in laboratory settling columns. Particle production by phyto-
plankton appears to play an important role in the removal of "Be from the water column in Walker
Branch embayment. Since many chemically reactive substances become associated with fine parti-
cles in aquatic systems, the information obtained on the distribution of "Be is applicable for quanti-
fying the types and rates of processes that affect the transport, removal, and biogeochemical fate of
other particle-reactive substances.

Interfacing Toxicity Tests with Chemical Analyses to Identify
Critical Process Steps in Wastewater Treatment Facilities

A. J. Stewart, L. M. Adams, and L. F. Wicker

Biological tests provide a cost-effective means of determining if contaminants are present at
toxic concentrations in chemically complex effluents. It is also possible to use biological tests to
identify the agent(s) respomsible for the toxicity in complex mixtures, and to identify the
operational steps in wastewater treatment procedures that critically affect the toxicity of the final
effluent. We recently demonstrated the utility of such biological tests (7-d “minichronic” tests based
on the survival and reproduction of the aquatic microcrustacean Ceriodaphnia and on the survival
and growth of fathead minnow larvae) in assessing problematic operational procedures at the Y-12
Plant’s S-3 Ponds Liquid Treatment Facility (S-3 LTF).

'Earth Sciences Section, ESD.
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Effluent discharged from the S-3 LTF was highly toxic to Ceriodaphnia, but passed EPA stan-
dards with respect to chemical composition. A series of tests showed that the toxicity of the effluent
(1) was not reduced by extensive aeration, (2) was not attributable to neutral dissolved salts, (3)
disappeared when the substances dissolved in the effluent were brought to dryness before being
reconstituted in distilled water, and (4) was virtually eliminated when the effluent was treated with
peat moss, which sorbs various heavy metals. The results of the toxicity tests were then compared
with results of chemical analyses. In this comparison, the most probable toxicant appeared to be
uranium. Depleted uranium was shown to be chronically toxic to fathead minnow larvae at a con-
centration of 5.2 mg/L, and was acutely toxic to Ceriodaphnia at a concentration of ~7 mg/L.
The uranium concentrations in S-3 LTF effluent were high enough to account for the observed
degree of toxicity of the effluent, and the concentrations of uranium in the effluent were lowered
markedly by passing the effluent through peat moss.

Experimental S-3 LTF effluents produced at the Y-12 Plant in a series of bench-top alternative
wastewater treatment schemes (e.g., the presence or absence of ferric chloride as a flocculating
agent; the degree of aeration of the raw feedwater; the pH adjustment of the feedwater during
treatment; the presence or absence of polymer) were subsequently tested with Ceriodaphnia and
analyzed chemically to establish operational procedures to reconcile discrepancies between chemical
vs biological acceptability criteria for effluent discharged to receiving streams. The approaches
developed in this study show the advantages of using biological and chemical analyses together, and
lend credence to the idea that biological tests can serve as powerful diagnostic tools in the analysis
of wastewater treatment procedures.

Evaluating Mixed-Function Oxidase and Electron Transport Enzymes
in Fish as Indicators of Environmental Pollution

B. D. Jimenez, S. M. Adams, L. Burtis, and S. D. Meads

All organisms possess a number of genetically regulated mechanisms to cope with exposure to
toxic contaminants in the environment. One system that responds to a seemingly endless array of
chemicals is the detoxication system known as the cytochrome-P-450-dependent mixed-function oxi-
dase (MFO) system. By means of this system, organic xenobiotics are biotransformed to polar com-
pounds that are readily excreted through the kidneys, feces, and gills of fish. We have demonstrated
that exposure of fish in the laboratory to xenobiotics results in a dose-dependent induction of the
MFO system. We are now exploring the possibility of using MFO induction in feral animals as a
biological indicator of exposure to environmental pollution.

Redbreast sunfish (Lepomis auritus) were collected from a stream receiving large inputs of
industrial effluents and from a control stream in a rural drainage area. The quantities and activities
of several hepatic detoxication enzymes and associated electron transport enzymes were found to be
significantly higher in animals collected near the industrial outfall. A proper interpretation of the
data requires a fundamental understanding of the biology and physiology of the fish in their natural
habitat. For example, the titers of reproductive hormones influence the activity of the MFO
enzymes: in spring and summer, when estradiol titers are high in female fish, MFO activity was not
induced even in females collected near the source of effluents. Seasonal variations in temperature
also affect enzyme levels. Electron transport enzymes appear to be useful indicators regardless of
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season, whereas MFO activity changes with seasonal variations in temperature. These field results
are consistent with our laboratory experiments on the temperature dependence of MFO enzymes.

Discriminant analysis (Fig. 1.3) of patterns of a suite of enzyme activities indicated that the
fish in the polluted stream were significantly different from those found in the control stream. The
fish collected at Station 1, which is closest to the industrial outfall, exhibited the greatest differ-
ences.

Biological markers, such as induction of the MFO system, appear to be useful indicators of
environmental contamination. However, reliable application of these markers requires a coordinated
laboratory-field program both to demonstrate that changes in biomarkers are causally related to
xenobiotic exposure and to provide a basic understanding of the interactions between the physiology
of organisms and their environment, such as those between sex and season, which modulate the
response of the organisms to contaminants in the environment.

ORNL-DWG 86-15674
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2. EARTH SCIENCES

N. H. Cutshall
N. G. Alired C. D. Farmer I. L. Larsen B. V. Shelton
R. W. Arnseth!  N. D. Farrow S.Y. Lee C. B. Sherwood!
T. L. Ashwood R. B. Fitts S. E. Lindberg R. W. Sobozinski?
B. L. Baber C. W. Francis C. D. Little’ D. K. Solomon
C. M. Beaudoin  B. J. Frederick!  P. D. Lowry B. P. Spalding
W. J. Boegly, Jr. T. Grizzard D. S. Marshall R. G. Stansfield
M. A. Bogle C. S. Haase L. A. Melroy! K. F. Steele’
D. M. Borders! R. C. Haese S. J. Morrison?>  S. H. Stow
P. A. Buntrock R. D. Hatcher!  C. R. Olsen L. E. Stratton
B. K. Butler? M. S. Hendricks  J. G. Owens J. Switek
T. Cerling® S. E. Herbes T. H. Peng A. L. Thomas
R. B. Clapp D. D. Huff P. H. Pollard B. J. Tilley?
J. S. Cox L. K. Hyder S. B. Redman® L. E. Toran
E. C. Davis A. F. Iglar* A. L. Scales! V. S. Tripathi
K. C. Dearstone  G. K. Jacobs D. A. Schaefer® R. R. Turner
R. B. Dreier J. R. Jones O. M. Sealand K. L. Von Damm
C. H. Fairfax H. L. King R. J. Selfridge7 G. T. Yeh

Introduction

The Earth Sciences Section conducts research, development, and demonstration projects in the
physical environmental sciences and engineering. Specific projects are carried out in the areas of
atmospheric science, surface and groundwater hydrology, geochemistry, geology, geophysics, soil
science, and oceanography. The scope of these activities includes field characterization, field and
laboratory experimental work, and mathematical and computer modeling. Many of the projects are
interdisciplinary in nature and are coordinated with other sections of the Environmental Sciences
Division, with other divisions of Oak Ridge National Laboratory, and with collaborators from sev-
eral universities. The Section consists of four groups: Geology and Geochemistry, Environmental
Engineering, Hydrology, and Environmental and Soil Chemistry.

Approximately one-half of the Section’s current activities are related to remedial actions at Oak
Ridge National Laboratory (ORNL) or the Y-12 Plant and are sponsored by the U.S. Department
of Energy (DOE) Office of Defense Waste and Transportation Management and the Office of

University of Tennessee, Knoxville.

Indiana University, Bloomington.

3University of Utah, Salt Lake City.

“East Tennessce State University, Johnson City.
SFlorida State University, Tallahassee.

$The Maxima Corporation, Bethesda, Maryland.
University of Arkansas, Fayetteville.
$University of Alberta, Canada.
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Energy Research. In addition to the specific project activities discussed below, the Section has par-
ticipated heavily in the design, planning, and management of the ORNL Remedial Action Program.
Section staff contribute to the work of the Hazardous Waste Remedial Action Program
(HAZWRAP) Management Office at ORNL. Other sponsors of Section projects include the DOE
Sedimentary Rock Program, DOE Office of Environment, Safety and Health, the U.S. Nuclear
Regulatory Commission (NRC), the U.S. Environmental Protection Agency, the U.S. Navy, the
Electric Power Research Institute, and the state of Maryland.
Significant achievements during FY 1986 include the following:

¢ Organization of a workshop for NRC to resolve issues related to modeling and testing of sorption
processes and their relationship to siting of high-level radioactive waste repositories.

¢ Demonstration of an application of a hypercube parallel-processing computer in geochemical
modeling.

¢ Organization and initiation of site characterization that will enable ORNL Solid Waste Storage
Area 6 to continue as the operating disposal site for low-level radioactive wastes.

* Investigation which showed that the Navy’s Inactive Fleet operations at Pearl Harbor do not con-
tribute significantly to trace metal contamination of harbor sediments.

* Discovery that dry deposition of nitrate ions is the largest single input of nitrogen to the eastern
deciduous forest at Walker Branch Watershed.

* Demonstration of grout fixation of transuranic waste trenches using polyacrylamide.

¢ Extensive local measurement of fallout radionuclides from the Chernobyl accident in environmen-
tal samples.

The Section is providing coordination and leadership for ORNL’s participation in the DOE
Environmental Survey. This program, which is designed to independently evaluate potential environ-
mental risks at DOE sites, relies on field sampling and chemical analytical support from ORNL. In
addition, ORNL is responsible for routing of samples for the survey. Participants besides the
Environmental Sciences Division (ESD) are the Environmental and Occupational Safety Division,
the Health and Safety Research Division, the ORNL Analytical Chemistry Division, and the
Analytical Chemistry Division at the Oak Ridge Gaseous Diffusion Plant.

Dry Deposition of Nitrate to a Forest
S. E. Lindberg, G. M. Lovett,! and J. G. Owens

Atmospheric deposition of nitrate is important both in ecosystem nitrogen cycling and as a com-
ponent of the acidic deposition phenomenon. Wet deposition can be readily quantified, but because
dry deposition inputs are difficuli to measure, they are often ignored in biogeochemical studies. We
developed three separate methods to estimate dry deposition of nitrate to the deciduous forest at
Walker Branch Watershed (Lovett and Lindberg 1986): (1) surrogate deposition surfaces (Lindberg
and Lovett 1985), (2) a statistical analysis of throughfall (Lovett and Lindberg 1984), and (3) an
inferential approach using air concentrations (Lindberg et al. 1986). Estimates of dry deposition

'Institute of Ecosystem Studies, Cary Arboretum, Millbrook, New York.
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flux ranged from 1.8 to 9.1 kg NO; -N-ha~!.year™. With the use of a hybrid approach combin-
ing some aspects of all three methods, a best estimate of 4.8 kg NO;-N-ha~!.year™! was derived.
About 75% of this flux is attributable to deposition of HNO; vapors, with large particlcs' contribut-
ing most of the remainder; the contribution from small particles is negligible.

Our best estimate indicates that dry deposition of NO;™ is the largest single form of inorganic
nitrogen deposition to this forest, contributing almost half of the total annual input of 10.1 kg
N/ha. All of the enhancement of NO; deposition in stemflow and throughfall relative to incident
precipitation can be explained by wash-off of dry-deposited NO;, and some canopy uptake of dry-
deposited NOj3~ is suggested. This uptake occurs primarily during the growing season and contri-
butes from 0.2 to 7.5 kg N-ha~!.year™! (best estimate: 3.2) to the nitrogen requirements of the
ecosystem. Despite the uncertainties, the magnitude of the potential input fluxes to forested ecosys-
tems -necessitates consideration of dry deposition of nitrate in ecosystem nitrogen cycling studies.

Collaborative Testing of the Toxicity Characteristic Leaching Procedure
C. W. Francis and M. P. Maskarinec!

The Environmental Sciences Division and the Analytical Chemistry Division have recently parti-
cipated in two collaborative testing programs to help the U.S. Environmental Protection Agency
(EPA) evaluate the recently proposed Toxicity Characteristic Leaching Procedure (TCLP). The
TCLP is a laboratory waste extraction test intended to identify wastes with the potential for releas-
ing specific toxic constituents when they are disposed, of in a municipal waste landfill. The TCLP
replaces the Extraction Procedure Leaching Test (USEPA 1982) and includes regulatory levels for
38 additional compounds, principally toxic organic compounds. The TCLP was formulated using a
data base, developed at ORNL, comparing the leaching of industrial wastes under field disposal
conditions and the extraction of the same wastes under laboratory conditions (Francis, Maskarinec,
and Goyert 1984; Francis and Maskarinec 1986).

Characterization of and Remedial Action for ORNL Waste Impoundments
C. W. Francis and R. G. Stansfield

Unlined waste impoundments have been used as the traditional method to collect, treat, and dis-
pose of wastewater generated at ORNL. In certain instances, these impoundments represent poten-
tial sources of groundwater contamination. For example, sediment in many of the impoundments
contains concentrations of radionuclides, toxic metals, and organic compounds that may contami-
nate groundwater if leached from the sediment. To determine the potential for such contamination,
the concentrations of contaminants in the sediment and water in ORNL waste impoundments were
characterized. Groundwater-monitoring wells were installed upgradient and downgradient of each
impoundment, and the groundwater was analyzed to assess the effects of the impoundments on
groundwater quality. Many of the impoundments will require remedial action and closure to be in
compliance with state and federal regulations. The remedial action methods best suited to meet the
closure criteria are being evaluated.

S v mem e
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!Analytical Chemistry Division, ORNL.
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Mercury in Ambient Air at the Y-12 Plant
R. R. Turner, S. E. Lindberg, and M. A. Kane!

Mercury concentrations in ambient air outside of buildings and on the perimeter of the Y-12
Plant have not been monitored continuously. Sources of mercury in air at Y-12 include (1) build-
ings, equipment, and soil containing residual deposits of elemental mercury and (2) the coal-fired
Y-12 Steam Plant, with an annual emission estimated at 30 kg. Where spot measurements have
been made (e.g., near buildings or in areas where the soil is known to be contaminated with mer-
cury), concentrations have nearly always been below detection limits using portable mercury vapor
monitors. The detection limits for this type of instrument are typically 1 to 10 pg/m3 whereas the
National Emission Standards for Hazardous Air Pollutants (NESHAP) has established an ambient
air standard of 1 ug/m>. Reliable detection of mercury in air near or below the NESHAP standard
has typically required collection and concentration of mercury on an intermediate absorber, such as
a noble metal or impregnated activated carbon.

A sampling train consisting of impregnated activated-carbon absorbers (for vapor-phase mer-
cury) and Teflon filters (for particulate mercury) has been developed and deployed at several loca-
tions at the Y-12 Plant to obtain ambient air data for mercury. To date, no 3- or 4-d average mer-
cury vapor concentrations have exceeded the NESHAP standard (1 ug/m3) at any site; the concen-
trations have ranged from 0.003 to 0.24 ug/m>, with a 3-month (July—September 1986) average of
0.061 ug/m3. The local background concentrations of mercury vapor in air appear to be near 0.005
pg/m3. As additional data become available, the relationship of air concentration to meteorologic
and other factors, such as the moisture content of mercury-contaminated surface soils, will be
examined.

Nature of pH Variations in Rogers Quarry
R. R. Turner, M. A. Bogle, and B. L. Kimmel?

Rogers Quarry on the Oak Ridge Reservation is used for disposal of coal ash from the Y-12
Steam Plant. Historical records of pH measurements of the effluent from Rogers Quarry show a
consistent pattern of excursions above pH 8.5 [the National Pollutant Discharge Elimination Sys-
tem (NPDES) limit value] during warmer months of the year. Water quality measurements
throughout the entire water depth at Rogers Quarry in October 1985 and May 1986 showed that
pH values >8.5 were restricted to the upper few meters of the water column and that algal biomass
(as indicated by chlorophyll 2 measurements) was high in the surface waters. A laboratory study of
Y-12 coal ash (from the baghouse) and measurements of the ash sluice water at McCoy Branch
showed that ash being sluiced to Rogers Quarry is acidic in character and reduces the acid-
neutralizing capacity of surface water entering the quarry, which may increase the sensitivity of
quarry surface waters to photosynthesis-driven pH fluctuations.

The results of the study implicate algal growth in Rogers Quarry as the cause of occasional pH
excursions above the NPDES limit value of 8.5. Algal blooms in the quarry appear to be related to
excessive concentrations of soluble phosphorus. The source of the soluble phosphorus is unknown at

'Health, Environment, Safety, and Accountability Division, Y-12 Plant.
Aquatic Ecology Section, ESD.
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this time, but it is strongly suspected that it is leached from the coal ash which is sluiced to Rogers
Quarry.
Determination of Soil Contaminant Profiles for Y-12 Facilities
S. E. Herbes and R. R. Turner

Plans have been submitted to the Tennessee Department of Health and Environment (TDHE)
for closure, under provisions of the Resource Conservation and Recovery Act (RCRA), of several
facilities at the Y-12 Plant which have been used in the past for storage or handling of hazardous

‘wastes. To support the closure activities, we prepared soil sampling and contaminant characteriza-

tion plans for five facilities. Characterization studies at one facility (Salvage Yard Oil/Solvent
Drum Storage Area), consisting of augering and sampling of 32 exploratory boreholes, contaminant
analysis, and final verification studies, were completed during the period April-September 1986.
The levels of hydrocarbons, perchloroethylene, mercury, and lead were elevated above background
in surface soils at the site, but the profiles indicated that transport deeper than 2 m did not occur.
Analyses indicated that no contaminants, including volatile organics, polychlorinated biphenyls
(PCBs), and toxic metals, in soils at the site exceeded the limits specified in the closure plan for ini-
tiating remedial action.

To assist in the development of closure plans for the Oil Retention Ponds in the Bear Creek
Burial Grounds, we developed a soil sampling program for tributaries draining the area to deter-
mine whether oil seepage from burial trenches in the past may have resulted in PCB contamination
downstream. More than 100 soil samples were collected and analyzed (by the K-25 Analytical
Laboratory) to delineate the patterns of PCB contamination. Elevated PCB concentrations were
found in some tributary channel and floodplain sediments both above and below the Oil Retention
Ponds, probably due to transport and deposition of PCBs sorbed to fine soil particles in runoff from
oil seepage areas. Additional studies are under way to locate past seepage points to support develop-
ment of remedial action plans.

Immobilization of Buried Transuranic Waste with Acrylamide Grout
B. P. Spalding, S. Y. Lee, C. D. Farmer, and L. K. Hyder

This task is a demonstration and evaluation of in situ hydrologic stabilization of buried trans-
uranic waste at a humid site by means of grout injection. Two small trenches, containing buried
transuranic waste, were filled with 34,000 L of polyacrylamide grout. Initial field results have indi-
cated that void space within the trenches was totally filled by the grout and that the intratrench
hydraulic conductivity was reduced to below field-measurable values. The grout was also completely
contained within the 2 trenches, as no grout constituents were observed in the 12 perimeter
groundwater-monitoring wells.

The polyacrylamide grout was selected for field demonstration over a polyacrylate grout because
of its superior performance in laboratory degradation studies. Also supporting the selection of
polyacrylamide was the difficulty in controlling the set time of the acrylate polymerization process
in the presence of potassium ferricyanide. Based on preliminary degradation monitoring, the
polyacrylamide was estimated to have a half-life of 115 years in the test soil. However, this calcu-
lated value is likely to be conservatively low because microbial degradation of the grout-setting
accelerator (triethanolamine) or residual monomer may be contributing most to the measured
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microbial respiration. Additional work using '*C-labeled acrylate and acrylamide grouts is being
planned next year in an effort to more accurately estimate their microbial degradation rates.

Radionuclides as Tracers in Coastal Zones
C. R. Olsen, L. L. Larsen, P. D. Lowry, W. H. Casey,! and L. C. Schaffner?

The particle-to-water concentration ratios of fallout !3Cs, reactor-released '*’Cs, 1*4Cs, $5Zn,
%Co, and **Co, and natural 'Be and 2'%Pb have been measured in the Susquehanna
River—Chesapeake Bay system as part of a 3-year study for the Maryland Power Plant Research
Program and DOE’s Office of Health and Environmental Research (DOE-OHER), and a final
report has been completed. The report summarizes our field and laboratory results and discusses
implications concerning (1) net transport patterns, (2) rates of sorption and removal from the water
column, (3) accumulation rates in sediments and organisms, (4) chemical partitioning between
different particulate sorbing phases, and (5) the important biogeochemical processes which affect
the fate of radionuclides (and, by analogy, other trace substances or contaminants) in the
Susquehanna River—Chesapeake Bay system (Olsen et al. 1986). This work had led to a project to
measure the particle-to-water concentration ratios of several natural and anthropogenic radionu-
clides in the Savannah River Estuary and adjacent coastal zone. The preliminary results indicate
that nuclide concentrations associated with releases from the Savannah River Plant and with fallout
from the Chernobyl accident in the Soviet Union are detectable within this estuarine-coastal sys-
tem.

We have conducted field experiments in a coastal wetland to quantify the effects of seasonal
cycles in freshwater input, evaporation, and plant transpiration on the movement of radionuclides
and trace substances in salt marsh sediments. Foliage preferentially traps wet and dry deposition
from the atmosphere; thus, those portions of the marsh which are rich in foliage have a larger
inventory of atmospherically derived radionuclides than poorly vegetated areas. Hypersalinity and
the relatively low pH of pore water in marsh sediments increases the mobility of some radionu-
clides. These processes result in heterogeneous lateral and vertical distributions of atmospherically
derived radionuclides and other trace substances in coastal wetlands.

We have examined the relationship between sedimentary processes and faunal characteristics in
the James River Estuary by measuring the vertical distribution of radionuclides in 11 sediment
cores and relating these profiles to sediment accumulation rates, benthic biological distributions,
benthic biomass, and sediment bioturbation. Faunal distribution patterns reflect the response of spe-
cies to changes in salinity along the estuarine gradient rather than to differences in sediment accu-
mulation rates. Levels of bioturbation could not be easily predicted solely on the basis of faunal
characteristics. The results of our studies suggest that the physical processes of erosion and deposi-
tion strongly influence the ability of macrobenthos to stir up sediments in this estuary.

'Sandia National Laboratories, Albuguerque, New Mexico.
*Virginia Institute of Marine Science, Gloucester Point, Virginia.
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Sedimentary Rock Program

S. H. Stow, C. S. Haase, K. L. Von Damm, S. Y. Lee,
B. K. Butler, and L. XK. Hyder

The Sedimentary Rock Program (SERP) is directed toward the study of shales as host media
for a high-level nuclear waste repository. During FY 1986, a national survey of shales was initiated,
and work on geochemical-mineralogic characterization of the shales was begun. The survey involved
regional hydrologic and stratigraphic-structural characterization of shale-bearing areas in the
United States. This survey was halted in the spring of 1986 when the decision was made by DOE
not to seek a site for a second repository on an accelerated schedule.

A new SERP subtask related to the geochemistry of groundwaters in shales was begun in 1986.
A library search was conducted to find groundwater compositions that have been published. Several
analyses of deep groundwaters from the Green River Shale were retrieved; but, overall, very few
analyses were reported. The U.S. Geological Survey’s WATSTORE data base was the primary
source of data. Based on maps, developed for SERP, indicating which shale formations in the
United States are deep enough for future study, formations were chosen on a state-specific basis for
WATSTORE retrieval. Data for more than 400 analyses of groundwater from shale formations
greater than 30.5 m deep were retrieved. Most of the groundwater analyzed came from the Pierre
Shale, Green River Shale, and several Gulf Coast formations. Preliminary analysis of the data has
shown that the waters have a wide range in composition and are predominantly of the Na-Cl-HCO,
or Na-HCOj type. The pH ranges from 5.9 to 9.4 and is most commonly between 7 and 9. There is
no simple correlation between the composition of the waters and the depth at which they occur.
Preliminary modeling of the waters has been started to determine if their compositions are solubil-
ity controlled with respect to a wide range of mineral phases.

Another activity of SERP involved detailed mineralogical characterization of shales representa-
tive of diagenetic and depositional histories to enlarge our understanding of the geochemical behav-
ior of anthropogenic radionuclides in shale strata. These shales included the Chattancoga Shale
(carbonaceous), the Pumpkin Valley and Nolichucky Shales (illitic), the Pierre Shale (smectitic),
and the Green River Shale (calcareous). Standard chemical digestion and grain-size separation
methods were used to isolate size fractions of each sample. X-ray diffraction analysis of dense frac-
tions from the Chattanocoga Shale demonstrated the presence of zircon, rutile, and possibly
anatase/brookite. Fission track mapping by means of neutron irradiation showed zirconium- and
titanium-rich minerals; phosphatic fossils had the highest uranium concentrations. Examination by
high-resolution electron microscopy and energy dispersive spectrometry of the Chattanooga Shale
showed 10-A muscovite and illite, 7-A kaolinite, 14-A chlorite, and microcrystalline titanium- and
iron-rich minerals. Uranium appeared to be associated with microcrystalline heavy minerals,
organic matter, and clay minerals as nondiscrete particles.

Nuclear Regulatory Commission High-Level Nuclear Waste Program
G. K. Jacobs, V. S. Tripathi, and K. L. Yon Damm

This multidisciplinary program provides technical assistance to the U.S. Nuclear Regulatory
Commission (NRC) in its evaluation of information developed by the DOE through its Office of
Civilian Radioactive Waste Management. Staff from the Chemistry Division and the Chemical
Technology Division are also involved. ORNL provides the NRC with an independent assessment of




Section 2 22 ORNL-6327

the methods, assumptions, and results of DOE research on geochemical processes important to the
performance of high-level nuclear waste repositories.

Laboratory studies were initiated to investigate the sorption of radionuclides onto samples of
tuff from the candidate site at Yucca Mountain, Nevada. Parameters addressed were (1) use of
synthetic groundwater vs actual well water, (2) use of a CO, atmosphere for control of solution pH,
and (3) mineralogical heterogeneity within individual core samples.

Calculations were made to evaluate the viability of Ky-based contaminant transport models to
predict the migration of radionuclides from a repository. Preliminary results suggest that compre-
hensive hydrogeochemical models (e.g., HYDROGEOCHEM), which explicitly account for impor-
tant geochemical processes, will significantly improve the accuracy of predictions. K4-based models,
which lump all geochemical processes into a single invariant parameter, the retardation factor, were
unable to account for small variations in groundwater chemistry and host-rock mineralogy that can
change the effective K, values by several orders of magnitude.

A workshop was organized and carried out for the NRC and its contractors to help resolve
issues related to the modeling and testing of sorption processes. The workshop focused on the level
of detail and accuracy necessary to provide defensible predictions of radionuclide transport. The
types of tests and data needed to support reliable predictions were also identified.

Key DOE reports on geochemistry were identified, obtained, and input into the Waste Manage-
ment Document Data Base. Each report is assigned a priority for review and evaluation. Each eval-
uation, furnished to the NRC, is also included in the record of the document in the data base. This
system ensures that information will be available in a form that can be utilized by the NRC during
licensing activities.

The Hydrofracture Program
S. H. Stow, C. S. Haase, J. Switek, P. H. Pollard, and H. L. King

In the annual progress report for the period ending September 30, 1985, a number of important
issues relating to the hydrofracture program were identified: (1) hydrologic isolation of the injection
zone, (2) chemical composition of the groundwaters of the injection zone, (3) possible presence of a
usable supply of drinking water under the injection zone, (4) composition of injected wastes, and
(5) stability of the injected grout in a saline environment. During 1986, these issues were investi-
gated, and decisions were made regarding the future of the operation. The most significant was a
decision not to seek a permit for future injections of liquid waste; DOE was advised to prepare a
closure plan for the four hydrofracture sites. It was also decided that a deep well to the Knox
Group would not be drilled at this time, and additional deep monitoring wells at the New
Hydrofracture Facility were constructed. Preliminary data on the chemistry of the groundwaters
from these wells were issued; the data confirm high levels of radionuclides in the groundwater of
the injection zone and low levels of radionuclides in waters from the overlying and underlying
strata. Because of the construction history of some of these wells, additional sampling is required to
confirm the existence of radionuclides in some of these strata.

A draft closure plan for the four hydrofracture sites was issued during the year; this plan is a
phased approach toward regulatory closure of the sites. One of the principal phases is site charac-
terization, and preparation of a detailed site characterization plan was initiated. This activity con-
sists of extensive geologic, hydrologic, and geochemical studies of-the sites to help address a series
of technical issues that have been identified. Work will be undertaken to assess the hydrologic
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characteristics of the sites, to determine the extent of present groundwater contamination, to char-
acterize the microstructures and macrostructures that could serve as flow paths for groundwater, to
investigate the chemistry of the groundwaters, and to relate site hydrology to regional hydrology.

Hydrostatic Head Monitoring Stations
R. B. Dreier and C. M. Beaudoin

The purpose of the Hydrostatic Head Monitoring Stations is to characterize water table levels
in waste management areas in Melton and Bethel valleys. This will provide information on the dis-
tribution of hydrostatic heads for different flow systems that have the potential for transporting
radionuclides and will supplement geologic characterization studies in these regions.

Each Hydrostatic Head Monitoring Station consists of a cluster of three wells with depths of
120, 60, and 25 m. There is a 6-m open interval at the bottom of each well. During 1986, drilling
for the Pits and Trenches Project (three clusters) and the Solid Waste Storage Area 6 (SWSA-6)
Project (three clusters plus one 120-m well) was completed. Geophysical logs for each 120-m well
were acquired, and the logs were preliminarily interpreted to determine lithologic contacts and frac-
tured zones. Depths for the 60-m wells were targeted for identified fracture zones. The U.S. Geo-
logical Survey is responsible for recording the hydrostatic head levels in each of these wells.

Hypercube Parallel Computers in Environmental Research:
An Example from Contaminant Transport Simulation

V. S. Tripathi, J. B. Drake,! and G. T. Yeh

A hypercube computer is a multiprocessor, distributed memory, message-passing parallel com-
puter. It consists of a host (cube manager) and several “node” processors, which are interconnected
in a hypercube topology. Our experience has clearly demonstrated that even primitive hypercubes
can be used for solving real-world problems. There is some debate as to whether or not the hyper-
cube architecture is a viable technology. We believe that the demonstrated success of hypercube
computers in diverse applications, such as ours, will help end the debate about the future of these
machines and provide the impetus for rapid development. Experimental hypercubes comparable in
speed to CRAY computers already exist; these point toward the potential for future developments.

To investigate the potential applications for such machines in environmental research, the most
computation-intensive segments of a hydrogeochemical contaminant transport model were imple-
mented on a 64-node Intel hypercube. Measured run times for very small to very large chemical
problems indicate that the parallel algorithm solves multiple chemical problems in the same time it
takes the sequential algorithm to solve one problem. The interface used between the hydrologic and
the chemical submodel resulted in natural parallelism of the algorithm and allowed full (100%) uti-
lization of all the hypercube processors. Based on the computational speed alone, the 64-node
hypercube appears to be 2 to 3 times faster than a VAX 8600 computer serving a single user.

Work is continuing on further optimization of the contaminant transport model on the hyper-
cube. Two new areas of research have been initiated: (1) development of artificial-intelligence-based
expert systems for hydrogeochemical models, and (2) performance of sensitivity analyses for trans-
port calculations. These projects will greatly benefit from concurrent computations on the hyper-
cube.

'Engincering Physics Division, ORNL.
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Solid Waste Storage Area 6 Characterization Studies

E. C. Davis, W. J. Boegly, Jr., R. B. Dreier, D. K. Solomon, S. Y. Lee,
D. A. Lietzke,! A. D. Kelmers,2P. M. Craig,’ and D. S. Marshall

Solid Waste Storage Area 6 (SWSA-6) is a 27.5-ha low-level radioactive waste landfill located
in Melton Valley, southwest of ORNL. Through 1984, ~29,100 m? of waste, containing ~250,000
Ci of radioactivity, have been buried at the site (Boegly et al. 1985). In order to ensure that ORNL
can continue to operate SWSA-6, it is necessary to establish that the facility is in compliance with
existing environmental regulations, especially those dealing with facility closure. Characterization
studies were initiated in FY 1986 to (1) assess past performance of the site and (2) provide environ-
mental data in support of overall site closure. These studies include characterization of the site
hydrology, soil, and geology, combined with a contaminant pathways study designed to assess
potential modes of radionuclide transport.

The SWSA-6 hydrology studies are based on a water balance for the site. Gaging stations con-
structed on the three tributaries on the site have been recording surface runoff on a continuous
basis since June 1985. Direct measurements are also being made of precipitation, soil moisture,
water table fluctuations, and groundwater discharge to White QOak Lake. Sampling and chemical
analyses of water from water table wells are being used as an indicator of the possible waste source
term and the extent of radionuclide migration. Samples collected to date indicate -the presence of
3H and Sr, along with naphthalene, toluene, and other organic compounds.

Geologic characterization included the acquisition and interpretation of deep seismic data, the
drilling of a borehole south of White Qak Lake, and a detailed analysis of fracture fabrics in ten
shallow trenches. A soil survey of the entire SWSA-6 site was also completed (Lietzke and Lee
1986).

Solid Waste Storage Area 4 Data Package
E. C. Davis and R. R. Shoun?

The ORNL Remedial Action Program has determined, through a review of past environmental
studies, that Solid Waste Storage Area 4 (SWSA-4) continually releases radioactivity into White
Oak Creek, and thus requires site stabilization and remedial actions, as outlined under Sect. 3004u
of the Resource Conservation and Recovery Act. During FY 1986, previously obtained data on the
SWSA-4 Waste Area Group were assembled and reviewed. This Waste Area Group includes the
9.3-ha SWSA-4 site, an adjacent abandoned low-level liquid waste transfer line, and the experimen-
tal pilot pit area. Results of this review demonstrated that, although a number of studies have been
carried out on SWSA-4, data gaps still exist in the following areas: (1) the kinds of contaminants
buried at the site, (2) the presence or absence of deep groundwater flow, (3) the relative importance

'University of Tennessee, Knoxville, Department of Soil Science.
ZChemical Technology Division, ORNL.
*Environmental Consulting Engineers, Knoxville, Tennessee.
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of surface vs subsurface flow in contaminant transport, and (4) the likelihood of future subsidence
of trench covers. A characterization program to provide this information will be conducted as part
of the remedial investigation and feasibility study for this Waste Area Group.

Trace Metal Levels in Pearl Harbor Sediments
T. L. Ashwood, C. R. Olsen, I. L. Larsen, and T. Tamura!

The U.S. Navy’s Inactive Fleet maintains vessels at several locations around the United States.
As a result of the Navy’s preservation activities, small quantities of paint flakes enter the waters of
these harbors. Since marine paint contains trace metals of environmental concern, the commander
of the Inactive Fleet requested that ORNL investigate whether these paint flakes were having any
discernible effect on trace metal levels in the sediments of Pearl Harbor.

Several long and short sediment cores were obtained from Middle Loch of Pearl Harbor, where
vessels of the Inactive Fleet are maintained, and from an area of West Loch, where there have been
virtually no naval operations. Sections of these cores were dated, using *’Cs and 2!9Pb, and ana-
lyzed by inductively coupled plasma and atomic absorption spectroscopy for a complete suite of
trace metals.

The results indicated that (1) copper, lead, and zinc were present at elevated levels in recent
sediments (however, the increase in these metals began prior to the beginning of Inactive Fleet
operations); (2) the trace metal signature (ratios of copper and lead to zinc) was different from that
expected for paint, but similar to that expected for sewage; and (3) the trace metal signature in
Middle Loch was similar to that in nearby West Loch (Ashwood et al. 1986). For these reasons, it
was concluded that the Inactive Fleet operations are not contributing a measurable amount of trace
metals to the sediments.

Near the conclusion of the study, the U.S. Environmental Protection Agency (EPA) cited the
Inactive Fleet operations in Pearl Harbor for violation of the Clean Water Act due to discharges of
paint. The ORNL report was used as the basis for the Navy’s response to the EPA’s notice of
violation.

Forest-Clearing Experiment
R. B. Clapp, N. D. Farrow, and K. C. Dearstone

In humid climates the depth to the water table can be critical to the design and performance of
waste disposal trenches, because it is important to maintain an unsaturated zone between the wastes
and the more mobile groundwater for effective isolation. In the forest-clearing experiment, the
objective is to predict, by computer simulation, the change in groundwater elevation associated with
the removal of the forest cover that occurs during site development and to evaluate that prediction
by comparison with field measurement. Simulations of the changes in the water budget and the
groundwater regime at a test site in the nearby Melton Branch drainage area indicated that a maxi-
mum 1.0- to 1.2-m increase in the water table elevation could be expected, primarily due to the
decrease in evapotranspiration.

The water table has been monitored at the 1.4-ha test site and in the surrounding area for the
past 2.5 years. The test site was cleared of trees and planted to grass in the late summer of 1985.
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Since then, the water table elevations measured in four wells at the site have exhibited a complex
response relative to the expected level (assuming no forest clearing), based on correlations with con-
trol wells outside the cleared area. However, during midw-inter, there was a clear trend to a lower
water table, which is opposite to the original working hypothesis. Water levels fell relative to
expected levels by ~0.2-0.6 m. The most plausible explanation is that overland flow increased (and
recharge to the water table decreased) during winter storms because of a loss in infiltrability associ-
ated with the loss of soil macropore structure during clearing. This inference is supported by the
increase in the runoff:precipitation ratio. For the period of November 1985 through March 1986,
the ratio was 0.59 compared with 0.53 and 0.55 for the same months in 1983-84 and 1984-85,
respectively.

Future work will focus on the incorporation of the infiltrability directly into the water budget
simulations. At this point, it appears that changes in groundwater elevation during site development
cannot be modeled simply by estimating changes in evapotranspiration, but that changes in the
soil’s physical properties must be considered also.

Development of Waste Disposal Technologies
R. B. Clapp, C. W. Francis, E. C. Davis, N. D. Farrow, and T. Grizzard

Earth Sciences staff have participated in the development and monitoring of a variety of new
methods for the disposal of low-level radioactive waste to replace past practices of shallow land bur-
ial in unlined trenches. The staff have worked with the Operations Division to design and monitor
engineered subsurface structures, usually cylinders [6 m (20 ft) long X 2.8 m (9.3 ft) outside diam-
eter] buried or formed in place. For each basic unit, the floor is constructed out of concrete, and
the walls are coated with sealant. The cylinders are filled with waste, voids are grouted, and the
tops are sealed with concrete.

At the Y-12 Plant, a monitoring plan is being developed to measure and analyze emissions from
trenches where machine turnings of radioactively depleted uranium will be oxidized and then bur-
ied. The plan calls for the collection of data on chemical and hydrologic conditions within the
trenches and the surrounding soil. These data will greatly enhance our ability to predict the move-
ment of uranium from older facilities where the chemistry and dynamics of the source term are
unknown.

Other projects deal with new configurations for waste disposal units. At the Oak Ridge Reserva-
tion, the potential for waste disposal would be greatly increased if the wastes could be placed or
buried on hillslopes without increasing the risk of leaching due to lateral groundwater flow. To
address this problem, 27 concrete boxes containing 24 m> (830 ft*) of contaminated soil were placed
on a concrete pad built in a hillside cut. The monitoring system was designed to collect separately
all the vertical seepage that may come in contact with the waste containers and all the lateral seep-
age that intercepts the perimeter of the facility. The main purpose is to demonstrate the efficiency
of the lateral seepage collector.

In a related activity, an aboveground facility capable of storing 850 m? (30,000 ft3) of waste has
been designed, and the concrete pad will be constructed in early 1987. The monitoring plan must
consider both surface and subsurface movement of leached waste and conditions when the facility is
active and afterward when it is covered by an earthen cap. These activities complement work by
others within Martin Marietta Energy Systems who are working to reduce the volume and
leachability of wastes.
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“Bathtubbing” Trenches
D. K. Solomon

Waste trenches in many low-level radioactive waste disposal sites become saturated with water
even when the surrounding water table is below the bottom of the trench. This phenomenon has
been referred to as “bathtubbing.” In order to understand and assess the extent of bathtubbing, sev-
eral trenches in SWSA-6 have been instrumented with continuous water-level recorders and are
being monitored throughout an annual hydrologic cycle. Large-scale hydraulic tests are being con-
ducted by pumping water into several of these instrumented trenches. The observed water levels in
and outside of the trench, along with the measured pumping rate, are then used to calculate the
hydraulic properties of the trench waste and the surrounding soil.

Two methods are currently being used to estimate the monthly discharge of water from
trenches: (1) hydraulic modeling and (2) saltwater dilution. The hydraulic modeling method uses
observed water levels and measured hydraulic properties to obtain solutions to the equation of
motion for fluids in a porous medium. The saltwater dilution method directly measures discharge by
observing the dilution of an injected saltwater solution. Both methods appear to give similar esti-
mates of discharge, which ranged from 0 to 13 m? for trenches in SWSA-6 during March through
July 1986.

The results of hydrologic studies will be combined with investigation of trench leachate geo-
chemistry to provide the basis for pathways analyses. The contaminant source term investigations
have employed sampling and analysis of groundwater immediately adjacent to representative
trenches. The results show that >H, *°Sr, and several organic compounds are present and must be
considered part of the source term at SWSA-6.

Modeling Groundwater Flow and Contaminant Transport
G. T. Yeh and V. S. Tripathi

To simulate the response of waste burial trenches to rainfall events, the FEMWATER computer
code (Yeh and Ward 1980) was modified to include the water balance computation for a group of
trenches. Using the modified computer code, we performed a preliminary hydrologic simulation of
the “49 trench area” in SWSA-6 for the August 16, 1985, storm. The predicted water level in
Trench 150 was nearly identical to the measured value. The results of the simulation suggest that
(1) the bathtub phenomenon occurs only in the trenches farthest downslope, (2) ~15% of the water
entering the trenches comes from the surrounding media, and (3) water from saturated soils sur-
rounding the trenches continues to seep into the lowermost trench even after the rainfall stops. To
examine the effect of grouting as a stabilizing measure, a simulation of postgrouting conditions was
also conducted. The results indicate that the bathtub effect can be eliminated if the hydraulic con-
ductivity of the trench contents after grouting is equal to or less than that of the surrounding
media.

Recently, there has been a sharp increase in the number of computer models aimed at coupling
hydrologic transport and chemical interactions of multispecies elements (Jennings, Kirkner, and
Theis 1982; Theis, Kirkner, and Jennings 1982; Miller 1983; Morrey and Hostetler 1984; Ceder-
berg 1985). While many of these models can serve as research tools, few existing models can deal
with practical problems. The difficulties arise mainly because of inappropriate adaptation of the pri-
mary dependent variables in the transport equations and the misuse of numerical schemes to solve
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the equations. Consequently, the models suffer from problems such as nonconvergence and excessive
run times. The rationale and the means for alleviating these problems have been proposed, and a
resulting hydrogeochemical transport model for multichemical components,
HYDROGEOCHEM2D, has been developed. Since chemical equilibrium problems are generally
posed as nonlinear mass-balance equations, the total concentrations of the various components were
naturally chosen as the primary dependent variables in HYDROGEOCHEM2D. To our knowledge,
this choice has been made in only one other model (Cederberg 1985). Unfortunately, the Cederberg
model employs an explicit iteration scheme and has two major problems: (1) it easily runs into
problems with negative concentrations and then fails to recover, and (2) it cannot solve for steady-
state problems in one step. Thus, an implicit iteration scheme was employed in
HYDROGEOCHEM2D to solve the transport equations. As a result, HYDROGEOCHEM2D pro-
vides fast nonnegative solutions and easily handles the full complement of chemical reactions,
including complexations, dissolution, precipitation, adsorption, ion exchange, and redox. Another
unique feature of this model is its ability to solve for steady-state concentrations in one step.
Several example problems have been used to compare the newly developed HYDROGEOCHEM2D
with other existing models.

A subregional finite element, block iteration technique developed earlier (Yeh, Hwang, and Cho
1985) has been adapted for the development of three-dimensional finite element models of moisture
movement and contaminant transport in saturated-unsaturated subsurface media. Savings of several
orders of magnitude in central processing unit storage and time can be realized in dealing with real-
istic field problems.
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C. F. Baes III M. J. Gentry® L. W. Littleton F. E. Sharples
L. W. Barnthouse C. L. Glatthaar® J. F. McBrayer D. S. Shriner
J. J. Beauchamp? 1. C. Goyert? R. A. McCord? L. L. Sigal
C. C. Brandt® R. L. Graham L. L. McCollough  E. D. Smith
J. E. Breck N. A. Griffith L. K. McDonald G. W. Suter II
K. J. Brown! J. W. Hodges® R. E. Millemann V. R. Tolbert
G. F. Cada L. A. Hook? R. J. Olson J. R. Trabalka
D. E. Carpenter® C. T. Hunsaker A. Osborn-Lee® C. S. Tucker
S. M. Chandler! Y. L Jager® C. B. Phillips R. S. Turner
J. M. Coe L. J. Jennings S. F. Railsback L. D. Voorhees
Z. Combs! P. Kanciruk R. M. Reed R. O. Wadlington
R. M. Cushman G. M. Kondolf’ A. E. Rosen J. A, Watts
N. S. Dailey! R. L. Kroodsma M. J. Sale C. J. Wear!
K. C. Dunaway? S. P. Ladd! M. S. Salk J. W. Webb
G. K. Eddlemon R. W. Lane

Introduction

The Environmental Analyses Section provides technical expertise to the interdisciplinary envi-
ronmental assessment activities of Oak Ridge National Laboratory (ORNL). Technical analyses of
environmental issues serve as input to decision making at both the Laboratory and the sponsor level.
We develop and maintain environmental data bases for assessment purposes. A continuing focus of
the Section is the development and application of methods and analytical tools for both quantitative
and qualitative evaluation of environmental issues. Analysis activities span the range.of spatial
scales from individual plant sites to regional and national perspectives. The Section is organized
into four groups, which are briefly discussed below.

The principal focus of the Risk Analysis Group is quantification of the hazards associated with
technology-related environmental stresses. Major accomplishments in FY 1986 were (1) completion
of a data base and statistical models for predicting the effects of toxic contaminants on marine fish
and crustaceans; (2) completion of a draft user’s manual and collaborative field test of a hazard-
ranking system for contaminated sites; (3) publication of a manual describing methods for quantify-
ing the ecological effects of toxic contaminants at the individual, population, and ecosystem levels;
and (4) development of scenarios for evaluating the timing and nature of postclosure intrusions on
low-level waste burial grounds on the Oak Ridge Reservation. Two new initiatives in FY 1986 were

'Biology Division, ORNL.

*Engineering Physics and Mathematics Division, ORNL.

*Science Applications International Corporation, Oak Ridge, Tennessee.

‘Graduate student, University of California, Los Angeles.

Maxima Corporation, Oak Ridge, Tennessce. .
‘Computing and Telecommunications Division, Martin Marietta Energy Systems, Inc.
’Graduate student, Johns Hopkins University, Baltimore.
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a project on the environmental fate and effects of bioengineered microorganisms used in the treat-
ment of hazardous waste and another on methods for assessing the effects of toxic contaminants on
the production and persistence of exploited fish populations.

The two major activities of the Environmental Compliance and Impact Analyses Group in 1986
were (1) providing technical assistance to the U.S. Department of Energy (DOE) and other agency
sponsors in complying with federal and state environmental laws and regulations and (2) developing
ecological information and analyses for appropriate sections of Environmental Impact Statements
(EISs) and Environmental Assessments (EAs) prepared by an interdisciplinary group of scientists
at ORNL. Technical assistance provided to DOE consisted of (1) developing and maintaining a sys-
tem to identify and track new regulatory initiatives that might affect DOE activities, (2) reviewing
and providing technical comments on environmental documents prepared on formerly used uranium
mill tailing sites and surplus facilities, (3) continuing to provide technical analysis and review of the
evaluation and selection of a DOE high-level waste repository, (4) providing technical evaluations of
regulatory issues related to management of hazardous waste, and (5) providing background analyses
for development of DOE policy in relation to the Safe Drinking Water Act. Technical assistance
provided to the U.S. Air Force consisted of overseeing the preparation of guidance on environmen-
tal compliance assessments and conducting internal environmental audits for four Air Force bases.

. The Group also participated in the preparation of EISs and EAs for a variety of sponsors: (1)
completion of the EIS on the cumulative impacts of developing small-scale hydropower projects in
the Owens River basin, (2) participation in preparing the draft programmatic EIS on the Chemical
Stockpile Disposal Program, and (3) preparation of three EAs on the effects of low-level bomber
training routes. .

The Regional Resource Analysis Group places primary emphasis on the analysis and interpreta-
tion of regional patterns of ecosystems and the processes controlling those patterns. The long-range
goal is to utilize an understanding of the fundamental biophysical processes regulating natural sys-
tems to analyze the interactions between biological systems and environmental stresses. The basic
challenges to regional analyses are to recognize the relevant temporal and spatial scales and to
understand the processes regulating the observed landscape pattern in order to predict change in
patterns as a function of environmental stress.

Work for the National Acid Precipitation Assessment Program provided a valuable opportunity
to apply regional-scale analytical techniques. New initiatives during the past year were (1) evaluat-
ing the role of acidic deposition in determining the chemical status of lakes and (2) evaluating the
use of remotely sensed imagery in estimating forest productivity. These new projects are highlighted
below, along with recent results from the stream survey and direct-delayed response projects. The
development and application of the Acid Deposition Data Network, supporting acid deposition
assessments, continued in 1986.

The Computer Operations and Data Support Group operates the Environmental Sciences Divi-
sion (ESD) computer facility, provides research data management and statistical analysis support
for ESD and external sponsors, and assists in the development of computer capabilities within the
Division. The facility is in its eleventh year of providing the Division with computer capabilities and
a high-speed communications link with the ORNL mainframe computer system. Statistical data
analysis and programming support continues to be provided by Computing and Telecommunications
Division personnel located at ESD and available for both drop-in consultation and long-term collab-
oration. In addition, the Computer Operations and Data Support Group includes computer analysts
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who are assigned to projects that entail major data processing components, such as the Environmen-
tal Protection Agency (EPA) National Surface Water Surveys and the ORNL Remedial Action
Program.

The Environmental Analyses Section has acquired a geographic information system (GIS) con-
sisting of ARC/INFO (IMSI, Inc.) software and various digitizing, plotting, and work-station
hardware. The forte of the GIS is the easy manipulation, display, and analysis of spatial data such
as vegetation cover, soil type, or groundwater plumes. One unique feature of the GIS is the ability
to extrapolate point data to regions not sampled and to overlay these various coverages to define
new relationships. The GIS is a Division resource with applications to environmental assessments,
remedial action projects, as well as basic ecological research.

The Environmental Analyses Section also provides staff support to the DOE Hazardous Waste
Remedial Action Program and the ORNL Remedial Action Program. All four groups in the Sec-
tion contribute their strengths to these programs.

Scientific and Technical Analyses of New Rule Making

C. F. Baes III, T. E. Aldrich,! W. D. Box,2R. J. Jolley,?
T. D. Jones,! B. R. Rodgers,2 M. S. Salk, E. D. Smith,
C. C. Travis,! and J. W. Webb

An interdisciplinary team from the Environmental Sciences Division, Health and Safety
Research Division, and Chemical Technology Division of ORNL is assisting the DOE Office of
Environmental Guidance (OEG) in evaluating new rule making developed and proposed by EPA
under the Resource Conservation and Recovery Act (RCRA); the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA); and the Safe Drinking Water Act
(SDWA). These rules are of interest to DOE because they could have major impacts on DOE facil-
ities and activities around the country. The ORNL team is composed of scientists who are familiar
with waste disposal problems, risk assessment, environmental compliance, and groundwater issues.
The team provides OEG with scientific and technical analyses of the proposed rules, which serve as
background for (1) understanding the rules and their implications for DOE activities, (2) formulat-
ing DOE policy for addressing the issues covered by the rules, and (3) developing DOE responses to
EPA.

A rule concerning groundwater monitoring at land-based hazardous waste treatment, storage,
and disposal facilities regulated under RCRA is discussed here as an example of the regulatory
analysis effort. In this example, EPA proposed to replace the requirements to analyze for all consti-
tuents in a large number of hazardous chemicals developed for listing purposes (Appendix VIII to
40 CFR Part 261) with new requirements to analyze for a smaller number of chemicals from a core
list developed specifically for groundwater monitoring (Appendix IX to 40 CFR Part 264) when
contamination is suspected. The proposed change would eliminate the analysis of constituents for
which analytical methods do not exist or are not approved by EPA and should therefore (1) reduce
the number of potential controversies, (2) produce a net decrease in the number of chemical analy-
ses required at DOE facilities, and (3) reduce analytical costs. However, the regulatory analysis
team felt that the proposed Appendix IX list was substantial and carried a large economic burden,
and suggested that alternatives to analysis of Appendix IX constituents as an indicator of ground-
water pollution be explored. The alternatives suggested were (1) testing for indicator parameters

'Health and Safety Research Division, ORNL.
*Chemical Technology Division, ORNL.
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such as total organic carbon and total organic halogens, (2) testing for a shorter list of specific
chemicals based on the history of operations at a facility, or (3) adoption of other screening tests
based on accepted toxicological methodologies.

Cumulative Impacts to Trout of Basinwide Multiple
Hydropower Development

G. F. Cada

The Owens Valley of California has a long history of frequent, often bitter conflicts over the
allocation of scarce water supplies among competing interests. Because the recent proliferation of
small-scale hydropower applications revived these conflicts, the Federal Energy Regulatory Com-
mission asked an interdisciplinary team from ORNL (made up of staff from the Energy Division
and ESD) to assess both the individual and cumulative impacts of seven proposed small-scale
hydroelectric projects on a variety of target resources. The Environmental Analyses Section staff
analyzed the impacts on resident trout populations and riparian résources.

A matrix approach was used to assess the severity of each project’s potential impacts on the tar-
get resources, measured on a scale ranging from 1 (least severe) to 10 (most severe). As an exam-
ple, the matrix values for the resident trout populations were based on the reduction in summer and
autumn habitat, the winter habitat, and the high-discharge, scouring flows that would result from
the operation of each project. The significance of a project’s matrix value was evaluated by compar-
ing it with existing hydroelectric projects, for which matrix values could also be calculated and
effects on trout populations had been studied.

All but one of the seven projects are expected to cause significant reductions in trout popula-
tions if operated as proposed. Estimated reduction of carrying capacity (trout biomass) in the study
area attributed to particular projects ranged from 14 to 252 kg; licensing all seven projects could
result in a loss of trout-carrying capacity of 700 kg, or 2.6% of the basin’s trout resource.

Although none of the impacts predicted for the proposed projects are as large as those associ-
ated with major existing facilities in the basin, trout losses comparable to those at existing hydro-
electric power plants can be expected because of the additive effects of multiple development.

Environmental Impacts of Low-Flying Bomber Aircraft
Along Proposed Air Force Training Routes

R. L. Kroodsma, R. M. Reed, and G. K. Eddlemon

The U.S. Air Force’s Strategic Air Command tests bomber aircraft (the B-52, FB-111, and
B1-B) and trains bomber crews for wartime, low-level bombing runs by conducting low-level flights
along many designated training routes. New routes must be established occasionally to provide
additional training capability and to allow flight crews to navigate through terrain with which they
are unfamiliar, thus simulating actual wartime bombing runs.

The environmental impacts of low-level bomber flights along three proposed routes were the
subject of three EAs prepared by ESD and the Energy Division. The three proposed routes vary
from ~965 to ~1930 km in length, are ~13 km wide, and are located in Upper Michigan and
Wisconsin (IR-607), in the Great Plains from New Mexico to Nebraska and Montana (IR-
140/428), and in the Southwest from Arizona to Utah (IR-276/276A).

Evaluating the impacts on the many natural resources found along these lengthy routes was a
major challenge. Exhaustive field surveys were precluded by the immensity of the area involved.
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Our approach was to consult with federal and state natural resource agencies and the open litera-
ture in order to determine the scope of the issues and identify sensitive resource locations along the
routes, and then visit certain localities identified in the scoping process.

The impact of low-level flight on game animals and threatened and endangered wildlife was
considered the primary concern for natural resources. Reductions in wildlife populations were a pos-
sibility as a result of (1) wildlife avoidance of habitats (primarily breeding or nesting sites) sub-
jected to repeated aircraft noise, (2) reduced reproductive success of wildlife attempting to breed or
nest in noise-affected areas (e.g., disruption of waterfowl and eagle nesting), and (3) decreased sur-
vival of big game animals during the winter when they are under nutritional stress and could be
severely affected by disturbance. Through discussions with resource agencies, we also identified the
location of habitats of important game populations and several endangered species.

Our analysis found that in most cases the proposed routes avoided known wildlife concentration
areas (e.g., refuges), as was intended by the Air Force. In Michigan and Wisconsin, however, IR-
607 was found to be near several eagle and osprey nest sites, the specific locations of which are not
publicized. In subsequent meetings that we proposed with the Air Force and the state and federal
wildlife agencies, the proposed route for IR-607 was slightly modified 'to avoid these sensitive nest
sites.

At the completion of the assessment process, we judged that the impacts of low-flying aircraft
on game populations and endangered species would be minimal. Upon reviewing our EA on IR-607
and information from the Air Force, the U.S. Fish and Wildlife Service issued a biological opinion,
as required by the Endangered Species Act, which agreed with our assessment that the Air Force’s
proposed action would not jeopardize the existence of endangered species.

Our analysis identified a lack of empirical data on whether wildlife populations would experi-
ence long-term declines in noisy areas. This topic will be addressed further in a generic EIS to be
prepared for all Air Force low-level training routes in the United States.

Interpreting Forest Biome Productivity Utilizing Nested Scales
of Image Resolution and Biogeographical Analysis

R. L. Graham

In a project funded by the National Aeronautics and Space Administration (NASA), ESD and
the Illinois Natural History Suivey are evaluating the feasibility of using remotely sensed spectral
(RSS) data in conjunction with ground-based spatial information on topography and soils [geo-
graphic information system (GIS) data] to evaluate forest productivity at a series of landscape
scales. The project has three interrelated objectives: (1) to evaluate how and if productivity classifi-
cation of forest ecosystem complexes can be improved by using fine-resolution RSS and GIS data,
(2) to evaluate the feasibility of using fine-resolution RSS and GIS data to quantify forest produc-
tivity, and (3) to evaluate the feasibility of stratifying large forest regions into productivity classes
with coarse-resolution RSS and GIS data and using fine-resolution RSS data to calibrate and vali-
date those productivity patterns.

Four areas (southern Illinois, Niwot and Indian Peaks region of Colorado, the Adirondack
region, and the Great Smoky Mountains National Park) have been selected as intensive study sites
for evaluating the utility of fine-resolution RSS data in forest productivity classification and
quantification. Paired forest productivity and fine-resolution RSS and GIS data sets are being
developed for each of the sites, and preliminary analysis of the relationship between the RSS-GIS
data and forest productivity has begun at three of the sites. The universality of the relationship
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between RSS-GIS data and forest productivity will be evaluated by comparing not only the
observed relationships at the four different sites, but also the observed relationships at the same site
on different dates. The Adirondack region will also be used as the study site for evaluating the fea-
sibility of using coarse-resolution and selected fine-resolution RSS data to evaluate forest productiv-
ity over a large region.

RSS data has been successfully used to evaluate productivity in agricultural and grassland
landscapes, but little work has been done on forested landscapes. This project is part of NASA’s
effort to expand the utility of RSS data to forested biomes.

Application of Lake Survey Data to Evaluate the Role of Acidic
Deposition in Determining the Chemical Status of Lakes

D. E. Carpenter! and R. J. Olson

As part of the National Acid Precipitation Assessment Program, the EPA conducted the first
phase of the Eastern Lake Survey (ELS-I) in 1984. This primary phase was designed to character-
ize the current chemical status of a representative population of lakes in the eastern United States.
Because of the synoptic design of ELS-I, the data base cannot be used directly to attribute causes
for the observed water quality conditions in individual lakes or lake populations. Questions of cau-
sality and future trends in surface water chemistry are being addressed in the EPA Aquatic Effects
Research Program through detailed analysis of mechanisms acting in a set of representative
watersheds.

Notwithstanding the continuing research, the quantitative determination of factors affecting sur-
face water acidification is of immediate concern from a regulatory perspective. Specifically, there is
a need to estimate, with the best possible confidence, the degree to which various factors, including
atmospheric deposition, may be contributing to surface water acidification. Investigators have pro-
posed several mechanisms to account for surface water acidification, including natural phenomena
such as wetland processes, sulfur and nitrogen oxidation, podzolization, and beaver activity. Pro-
posed anthropogenic factors include land-use changes (e.g., lakeshore development and logging),
forest fires or their prevention, and the atmospheric deposition of acidifying substances and their
precursors.

The Environmental Analyses Section, working with staff of the EPA, has developed a regional
analysis tool to estimate the number of acidic lakes surveyed in the ELS-I regions for which atmos-
pheric deposition is the most probable mechanism that could account for an observed acidic status.
The analysis tool is in the form of a decision-tree computer program implemented by the Statistical
Analysis System (SAS). The decision-tree approach is a screening exercise in which the causes of
acidification for individual lakes are progressively eliminated from further consideration if con-
founding factors (i.e., factors other than acidic deposition) were viable alternative explanations for
the acidic status of a lake. These alternative explanations include wetland acidification, mine drain-
age, lake processes, marine influences, and road-salt runoff,

The results of the decision-tree application indicated that the probable causes of acidification do
vary between lakes and regions of the eastern United States. The status of each acidic lake (i.e., the
probable cause of acidification) was plotted on regional maps to depict spatial patterns indicating
whether alternative mechanisms were associated with well-defined geographic areas.

'University of California, Los Angeles.
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A better understanding of aquatic acidification mechanisms in the future and computer data
bases with higher resolution will lead to improved criteria values and more confident explanations
for a lake’s acidic condition when using this regional approach. Results from the current analysis
may prove valuable in targeting future studies at lakes or regions where current acidic conditions
lack a causal link with any candidate acidification process or mechanism.

Direct-Delayed Response Project

R. S. Turner, J. C. Goyert,! C. C. Brandt,!
K. C. Dunaway,! D. D. Schmoyer,?and J. A. Watts

The EPA is conducting the Direct-Delayed Response Project (DDRP) as part of the Aquatic
Effects Research Program of the National Acid Precipitation Assessment Program. For policy
planning purposes, the EPA wishes to classify low-alkalinity lakes and streams according to how
they respond to acidic deposition. Direct-response systems are defined as those which respond to
changes in acidic deposition within three hydrologic response times—less than 10 years for most
stream and lake watersheds. Delayed-response systems are those which respond to changes in acidic
deposition within 10 to 50 years. Capacity-protected systems are those which have enough buffering
capacity that they are not expected to become acidic in less than 50 to 100 years. The overall goal
of the project is to estimate the population of lake and stream systems in the eastern United States
that can become acidic under current or projected levels of acidic deposition within the next 50
years. The intermediate goals are to characterize the variability of soils and other watershed
characteristics across regions with low-alkalinity surface waters, to determine which soil and water-
shed characteristics are most strongly related to surface water chemistry, and to estimate the rela-
tive importance of key watershed processes in controlling surface water chemistry.

One hundred forty-five lake watersheds in the northeastern United States and 35 stream
watersheds in the Southern Blue Ridge province have been mapped for soil, vegetation, and bedrock
characteristics. The soils in each watershed have been sampled and analyzed for key physical and
chemical characteristics. ORNL has developed the DDRP data base, which contains (1) geographic
coordinates, (2) the field soil description data, (3) the analytical chemistry data, (4) detailed time-
series data for stream or lake chemistry in six of the watersheds, and (5) a synthesized data set
consisting of aggregated and calculated data for the individual watersheds as well as linkages to
atmospheric deposition data from the National Atmospheric Deposition Program /National Trends
Network (NADP/NTN) and stream and lake chemistry data from the National Surface Water
Survey. ORNL is collaborating with EPA and other cooperating scientists in three levels of analysis
of these data. Level I analyses include statistical characterization of (1) soil and watershed attri-
butes and (2) the relationships between these attributes, atmospheric deposition, and lake or stream
chemistry. Level II analyses consist of single-factor projections of how long it will take to exhaust
sulfate adsorption and base cation supply capacities in the watersheds. Level III analyses involve
running dynamic models [Trickle Down, Model of Acidification of Groundwater in Catchments
(MAGIC), Integrated Lake Watershed Acidification Study (ILWAS)] for all or a subset of the
watersheds to determine time to acidification considering multiple factors.

'Science Applications International Corporation, Oak Ridge, Tennessee.
*Computing and Telecommunications Division, ORNL.
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Data Management and Analysis for the National Stream Survey
M. J. Sale, J. M. Coe, H. 1. Jager,! and M. A. Faulkner

The National Stream Survey (NSS) is designed to provide a synoptic characterization of sur-
face water chemistry in regions of the United States that are potentially susceptible to the effects of
acid rain. The NSS is funded by the EPA as a part of the Aquatic Effects Research Program of
the National Acid Precipitation Assessment Program. ORNL provides data management and analy-
sis support to the survey under an interagency agreement with EPA. This support consists of quality
assurance and control of the large NSS scientific data base, statistical programming, and
computer-based mapping to display survey results. The target population examined by the NSS is

. blue-line streams, on 1:250,000-scale U.S. Geological Survey topographic maps, draining

watersheds <155 km? (<60 mile?) in size.

In FY 1986 a pilot survey was successfully completed in which 61 streams in the Southern Blue
Ridge province were sampled (Messer et al. 1986). The results of the pilot survey indicated that
under base-flow conditions no target reaches had pH values that were <6.0, but that a significant
proportion of the target reaches had low acid-neutralizing capacity (ANC)—6.3% were <50 meq/L
and 74.4% were <200 meq/L. Field sampling of 450 more streams in the eastern United States was
also completed in March-April 1986. The preliminary results indicate much higher variability in
ANC and pH compared with that observed in the Southern Blue Ridge province. Data base valida-
tion, final analyses, and publication of this work will be completed in FY 1987.

Numeric Data Base Established for the Remedial Action Program
L. D. Voorhees and P. Kanciruk

The ORNL Remedial Action Program was established to provide appropriate corrective meas-
ures at more than 140 sites that were historically contaminated with radioactive and/or hazardous
chemical wastes. Numerous and varied studies are being conducted to achieve this goal; these
studies will result in the collection of data on a scale that is unprecedented for the ORNL site. A
computerized data base is being developed within ESD’s Environmental Analyses Section to effec-
tively and efficiently manage these data.

The data base uses the Statistical Analysis System (SAS) installed on the ORNL tandem IBM
3033 and VAX 8600 computers. The primary strength of SAS is its ability to combine data man-
agement capabilities with extensive statistical and graphical capabilities essential for the manage-
ment of scientific data. SAS is also highly versatile in handling information, both in its data man-
agement and report-writing capabilities. Entry of data utilizes focused flexible software to electroni-
cally copy and manipulate data: produced by a diverse group of investigators. In addition, considera-
ble effort has been given to quality assurance procedures to ensure the accuracy and security of
data entries.

After 16 months of operation, the data base contains over 40 data sets covering a wide variety
of topics ranging from well-construction parameters to chemical analyses to the abundance of
benthic macroinvertebrates. Computer programs are used to electronically transfer analytical data
from ORNL’s Analytical Chemistry Division DEC-10 1022 files. With the use of this method,
more than 30,000 observations of chemical analyses associated with 5 individual characterization or

'Science Applications International Corporation, Oak Ridge, Tennessee.
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contaminant scoping surveys have been obtained. With more than 15 variables for each observation,
these data sets alone collectively contain more than 450,000 entries. Procedures were developed to
transfer the Division’s hydrology data from 1022 files into SAS data sets and also to extract data
collected by ORNL’s Waste Operations Control Center monitoring efforts. In addition, selected
data sets pertinent to the Remedial Action Program have been transferred from ORNL’s Depart-
ment of Environmental Management. Data sets on the construction parameters of 22 water-
quality-monitoring wells and 124 piezometer wells have been assembled. The water-quality-
monitoring wells were monitored quarterly, and up to 17 rounds of measurements have been
recorded for the piezometer wells.

This data base provides a unified repository for all data generated within the Remedial Action
Program and provides necessary storage, manipulation, analyses, assessment, display, and report
capabilities. Remedial action activities have gained nationwide attention as a result of recent envi-
ronmental legislation. The organization of the data base for the ORNL site can serve as a model

for management of large and highly diverse data sets at other contaminated sites throughout the
United States.

Comparative Toxicology for Marine Fish and Crustaceans
G. W. Suter II and A. E. Rosen

Fishes and crustaceans inhabiting coastal marine waters are subject to the effects of a variety of
pollutants plus loss of habitat, harvesting, entrainment in water intakes, and natural stresses.
Changes in the abundance of these organisms are apparent but difficult to explain. The goal of this
project was to collect data on the responses of marine organisms to pollutants and to evaluate the
utility of such data for assessing the risks to those organisms due to pollutants.

We developed four data sets for this study. The first is a marine chronic toxicity data set con-
sisting of data from 114 life-cycle or early-life-stage toxicity tests on fish or crustaceans in salt
water. The second and third are equivalent sets of chronic data for freshwater fish and the freshwa-
ter crustacean Daphnia. The fourth data set consists of 2580 acute median lethal concentrations for
marine fishes and crustaceans.

The first problem addressed was the need to predict the response of species that have not been
tested. We assumed that the response of an untested species was best represented by the response of
the tested species to which it was most closely related. We then derived a set of regression equa-
tions that could be used to extrapolate betwct\:n taxa of fish and crustaceans at each taxonomic
level. We also derived regressions for the standard marine test species Mysidopsis bahia and
Cyprinodon variegatus as predictors of marine crustaceans and fishes in general. These regression
models and their associated variances indicated that extrapolations among marine taxa are about as
precise as those previously derived for freshwater taxa, that the standard test species are representa-
tive of the higher taxa, and that the responses of crustaceans are considerably less predictable than
those of fishes.

The second problem was to determine whether we could identify species that were consistently
more sensitive to pollution than the rest of the marine biota. These species would be useful as
subjects of monitoring studies in the field and toxicity testing in the laboratory. While no species
were consistently most sensitive, mysid and penaeid shrimp were most sensitive on average, and
crustaceans were generally more sensitive than fishes.
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The third problem was the relative lack of chronic toxicity data for marine organisms. We
developed two partial solutions. The first was to predict chronic toxicity from acute toxicity to the
same species; this can be done with + 1-order-of-magnitude precision. The second solution was to
predict chronic toxicity in salt water from chronic toxicity in freshwater. Chronic toxicity thresholds
for C. variegatus can be predicted from those for the standard freshwater test fish Pimephales
promelas, and chronic toxicity thresholds for M. bahia can be predicted from those for the standard
freshwater test crustacean Daphnia with +1.6- and * 1.7-order-of-magnitude precision, respec-
tively.

The data base and models developed by this project have a variety of uses: they can be used to
(1) identify regions where pollutant concentrations may be high enough to harm resources, (2)
identify specific pollutants that may be responsible for observed declines in resources, (3) identify
species that should be monitored as indicators of pollutant effects, and (4) evaluate the utility of
species for use in toxicity testing.

Intruder Scenarios for the Oak Ridge Low-Level Waste Burial Grounds
G. W. Suter II

Because human institutions do not last forever and the barriers constructed by humans will ulti-
mately fail, it is necessary to assume that institutional control of nuclear waste sites will eventually
end and that the barriers protecting waste sites will be breached. When this occurs, intruders will
enter the sites and engage in various activities that can result in exposure to radiation. The purpose
of this study was to create a framework for realistically evaluating the timing and nature of intru-
sion at six of the existing low-level waste burial grounds and two proposed burial sites on the Oak
Ridge Reservation.

The study began with the creation of a taxonomy of intrusion, which consisted of 21 agricul-
tural, residential, natural resource, and miscellaneous uses of the sites that might occur in this
region. The problem was divided into two parts: transitions in the sites that change the likelihood of
intrusion or exposure and the demand for particular types of land. The relevant transitions were
determined to be (1) the end of site maintenance, which results in vegetational succession and deg-
radation of barriers; (2) loss of institutional control, which allows intruders to occupy the sites; (3)
degradation of the waste to a state resembling soil, which allows inadvertent excavation of the
waste and its use as garden soil; and (4) erosion of the waste cover, which allows direct exposure of
the intruders to the waste. -

The required characteristics of burial grounds—low slopes and deep soils—mean that there are
no strong physical limitations on the potential land uses by intruders. Therefore, in the absence of
measures to spoil the sites, land use would be primarily determined by land demand. The two best
clues to use of the sites by intruders are the use of the sites prior to federal confiscation and
regional trends in land use. Aerial photos taken in 1939 indicate that the sites were used for agri-
culture, with the predominant uses being pasture or hay and woodlots, followed by abandoned crop
land, crop land, and farm buildings and yards. Examination of the trends in land use indicate that
agriculture’ declined until 1970 and has since stabilized. Forest land is also reasonably stable at
~50% of the local land. The primary variable in local land use is urban and other developed uses,
which are increasing at ~1.5% per annum. The land-use data suggest that barring constraints or
catastrophic occurrences, the sites would be used primarily for pasture in the near term, but resi-
dential or commercial development becomes more likely in the next two centuries.
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Four general scenarios are proposed for the future of the sites: (1) Control and maintenance of
the sites are continued until the radionuclides have decayed to safe levels. (2) Maintenance ends,
but control is maintained to the extent of preventing occupation of the sites. Exposure results from
recreational use of the sites, particularly by children, and scavenging of artifacts. (3) The sites are
not maintained or controlled, but fences and warnings are effective for the population in general.
Intrusion is by squatters who are unimpressed by warnings and are anxious to acquire land. (4) The
sites are not maintained or controlled and warnings are ineffective, so the sites become part of the
regional pattern of land use.

Each of these scenarios is associated with particular activities, which result in different routes of
exposure. The report of the study ends with a discussion of the unknowns and the research needed
to convert these scenarios into realistic risk analyses. Planned future activities include refinement of
the scenarios and preliminary risk analyses.

Strategy and Closure Criteria Development for the ORNL
Remedial Action Program: Regulatory Interface

J. R. Trabalka

A review of the institutional, regulatory, and technical considerations associated with stabiliza-
tion and treatment of contaminated sites was performed. Although some options can theoretically
provide a once-and-for-all solution, most realizable options for ORNL sites leave contaminants in
place (in situ), potentially isolated by physical or chemical, but more typically, by hydrologic meas-
ures. The very low risks to off-site residents posed by current releases from ORNL radioactive and
hazardous chemical waste sites, the need to balance these risks against those to workers implement-
ing remedial actions, and the current estimates of the cost differential for stabilization options all
strongly favor in situ stabilization over removal and external disposal options. As a result of the
dynamic nature of the interactions between the contaminants, the remedial measures, and the envi-
ronment, in situ stabilization measures are likely to have limited life spans, and maintenance and
monitoring of performance become an essential part of the scheme. This need should not be per-
ceived as casting doubt on the effectiveness of the selected option, but rather as a reflection of cur-
rent reality. Future technology advancements will depend in large part on the ability to recognize
the limitations of existing techniques to deal with contaminated sites.

Site closure actions must be affordable, and funding should take into account the need for a
phased approach. A program of the magnitude currently envisioned for the ORNL site will proba-
bly require a structured federal financing effort, covering a period of decades for planning, technol-
ogy development, implementation, and evaluation, and a potentially much longer périod for neces-
sary follow-up activities such as monitoring and maintenance. The length of formal institutional
control over the site and related questions of future uses of the land and water are thus of para-
mount importance. The unique features of the ORNL site and environs, particularly the dedicated
environmental research capabilities, appear to be key ingredients in achieving the very long term
institutional control necessary for successful financing and implementation of in situ stabilization.
The key issue is whether the principal performance objective for remedial actions (and
regulations)—long-term protection of human health and the environment—<can be met using this
approach.

Regulatory requirements and standards for stabilization and closure are currently incomplete,
uncertain, and to some extent negotiable, making it difficult to judge their applicability to the
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unique and complex characteristics of ORNL site conditions. Thus, an inescapable summary con-
clusion is that some formal regulatory interface is necessary to ensure that decisions on closure cri-
teria are based primarily on technical merit and protection of human health and the environment.
Adoption of the Resource Conservation and Recovery Act (RCRA) closure performance standard
for ORNL sites, coupled with a Remedial Action Program policy directed at (1) near-term control
of the critical pathway, represented by surface water releases, and (2) compliance with the intent of
the RCRA groundwater protection standard over the long term, by means of site corrective actions,
appears to represent a viable approach. A plan for interfacing with regulatory staff from EPA and
the state of Tennessee (e.g., through regular meetings and periodic exchanges of information, prog-
ress, and ideas) to involve them in the overall strategy development process has been developed.
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Introduction

The Terrestrial Ecology Section conducts basic and applied environmental research in support of
energy technology development, and has as a major objective the development of a more thorough
understanding of the basic processes that govern the transport and effects of materials in terrestrial
ecosystems. The Section is organized around three basic areas of research: physiological ecology,
biogeochemical cycling, and ecosystem dynamics. Qur major emphases are (1) advancing ecosystem
theory and understanding, particularly in forest ecosystem growth and production; (2) evaluation of
the ecological effects of anthropogenic stresses on natural forested ecosystems; and (3) development
of site-specific and global cycles of major nutrients and minor trace elements to serve as a basis for
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evaluating future changes. The basic research program is designed to serve as a foundation for the
Section’s support of the four major thrusts of the Environmental Sciences Division (ESD): acidic
deposition, bqiomass production, hazardous wastes, and global carbon. These studies, which are car-
ried out by Section staff, predoctoral and postdoctoral interns from Oak Ridge Associated Universi-
ties and the University of Tennessee, and visitors from outside institutions, ensure continued devel-
opment of expertise in key disciplinary areas of terrestrial ecology. The Section also utilizes the
talents of other ESD sections and other Laboratory divisions in terrestrial research activities. The
Section receives support from five primary sponsors: the U.S. Department of Energy (DOE) 61%,
the National Science Foundation (NSF) 8%, the Electric Power Research Institute (EPRI) 25%,
the U. S. Department of Agriculture’s Forest Service (USDA-FS) 4%, and the U. S. Environmental
Protection Agency (EPA) 2%, with several smaller projects supported by other federal agencies. To
successfully attain the Section’s goals, we interact with a large number of outside institutions,
including universities, sister national laboratories, the Tennessee Valley Authority (TVA), and the
National Park Service. These activities include both collaborative and subcontracted work and
account for ~39% of the Section’s budget. The Section is responsible for the Division’s
participation in the National Environmental Research Park (NERP) Program and administers the
Oak Ridge NERP. The Oak Ridge NERP is one of five DOE NERPs and is closely tied to both
the NSF Long-Term Ecological Reserve (LTER) and the U.S. Department of the Interior (Do)
Biosphere Reserve programs. These programs are providing unique long-term data sets for estab-
lishing environmental base lines against which we can measure future change.

The Physiological Ecology Group investigates the mechanisms and processes governing (1) the
response of plant and animal systems to natural and anthropogenic stresses and (2) the fate of toxic
materials in the terrestrial environment. While the Group’s activities range from basic research
(stress physiology in woody and herbaceous plant species) to applied research (effects of acidic dep-
osition on forest trees and the suitability of chemical wastes for disposal by land treatment), the
perspective of whole-plant and whole-animal physiology is a common denominator among all pro-
grams, The diversity of studies integrate both field and laboratory efforts, utilizing the Walker
Branch Watershed, the Air Pollution Effects Field Research Facility, forest stands in the southern
Appalachians, and the multiple controlled-environment facilities in the Plant Sciences Laboratory.
New initiatives in the Group during the past year were rhizosphere physiology, methodologies for
mature tree exposure to study the effects of air pollutants on forested landscapes, the fate and
effects of hazardous organic chemicals in terrestrial ecosystems, nitrogen dynamics in short-rotation
woody biomass plantations, field analyses of the interactive effects of ozone and acidic precipitation
on the growth and physiology of loblolly pine, and mechanistic-level modeling of aboveground and
belowground processes in woody perennial species.

Major activities in the Biogeochemical Cycling Group during the past year included (1) finaliz-
ing the plan for the Integrated Forest Study on Effects of Atmospheric Deposition (IFS), (2) con-
ducting a workshop on soil mineral weathering, (3) initiating S cycling research on Walker
Branch Watershed (WBW), (4) field and laboratory measurements characterizing nutrient behavior
at the Oak Ridge National Laboratory (ORNL) IFS sites, (5) measuring the dynamics of the
Chernobyl-derived aerosols, (6) examining *H behavior in soil and trees, and (7) performing labora-
tory studies on SO~ adsorption on soils from all IFS sites. The WBW S and IFS site research is
discussed in more detail below. Management activities for the IFS included developing a weather-
ing subtask and negotiating the participation of two new sites, both funded by the USFS-EPA
Forest Response Program.
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In our research on developing new applications for radionuclides as tracers of environmental
processes, we have been able to isolate and measure natural 3S in soil solutions from the Great
Smoky Mountains National Park. A study of tritium behavior in the terrestrial environment on the
ORNL reservation has shown positive correlations between tritium concentrations in surface air and
in surface soil and negative correlations between tritium concentrations in surface air and relative
humidity.

Laboratory support of the IFS included an evaluation of the sulfate-retention properties of soil
samples from most of the participating sites, which have differing soil and forest types, atmospheric
deposition histories, and physiographic locations. The soils varied widely in SO}~ adsorption capac-
ity: several soils were oversaturated with respect to 0.25 mM CaSO, and released SO?~, whereas
others retained as much as 4 mmol/kg of SO~ at that concentration. Finally, we have completed a
2-year study on the aerodynamic size relationships between natural airborne radioactivity (2}Pb,
212pp, 21%b, "Be, 3S, 32P) and sulfate. The Chernobyl accident produced a unique atmospheric

- plume of labeled submicron aerosols, which were also examined. Collectively, these studies have
* given us new insights into how aerosols grow in the atmosphere and have shown that a significant

fraction of sulfate aerosols may grow in the plumes rather than in background air after dilution.

The primary focus of the Ecosystem Dynamics Group is developing a basic understanding of
forest systems through field studies as well as mathematical simulations. Ecosystem theory and
stand-growth models are being used to study forest succession in temperate and tropical forests.
Areas of research in model development include sensitivity and uncertainty analysis of forest succes-
sion models and investigation of methods of applying forest models to landscapes. The application
of models is focused primarily on determining the effects of CO,-induced climatic change. Ecosys-
tem research is continuing in the areas of hierarchy theory and organization, error analysis, spectral
analysis, and landscape patterns. Work is also progressing in our attempt to detect a change in
wood mass through the use of image analysis and X-ray densitometry. New initiatives in the Group
include incorporating tree physiology into forest models, landscape dynamics studies, anatomical
studies of wood structure, and succession of tropical forests during the Holocene.

During the past year, the global ecology activities of the Ecosystem Dynamics Group focused on
understanding the role of terrestrial ecosystems in the earth’s major dynamic systems. Climate and
biogeochemical cycles are the most important of these. The Group assembles data, conducts special-
ized field studies, and develops models to address a number of scientific issues. The broad objective
of this work is to develop capabilities to analyze global-scale responses to perturbations in terrestrial
ecosystems such as land use or climate change. Work in the last 2 years focused on the causes and
rates of increase in the levels of atmospheric CO, and on the linkages between major global cycles
that complicate carbon cycling. The role of trace gases and the broad-scale impacts of climatic
change were also considered. Although the Group’s research focuses on large spatial scales, a sub-
stantial range of time scales is involved in global ecological studies. Theoretical work and methods
development are required to ensure that models and data analyses properly treat scaling variations
and avoid inconsistencies.

In the following paragraphs, we highlight recent activities in physiological ecology, biogeochemi-
cal cycling, and ecosystem dynamics as these theme areas relate to pertinent environmental prob-
lems we face today. Contributions of Section staff to the Biomass Production Program and the Car-
bon Dioxide Research Program (formerly DOE Global Carbon Cycle Program) appear in Sects. 5
and 6 of this report. Our project research is designed to meet the specific needs of sponsors and at
the same time provide an opportunity to improve our understanding of the basic ecosystem
processes that govern the response of terrestrial systems to natural and anthropogenic stress.
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Physiological Ecology

Stress Physiology in Terrestrial Vegetation: The Physiological Site of Ethylene Action in Carbon
Dioxide Assimilation (G. E. Taylor, Jr., and C. A. Gunderson)

Terrestrial vegetation responds to a variety of environmental stresses and endogenous signals,
and two of the most sensitive physiological processes where such responses can be seen are foliar
carbon dioxide assimilation and transpiration. Recent hypotheses for chronic stresses of anthropo-
genic (e.g., air pollution) and natural (e.g., drought) origin propose a common chemical signal, or
growth regulator, which is elicited internally by many different stress agents and which controls the
rates of carbon gain and water use. While the role of one such regulator—abscisic acid—is docu-
mented to mediate drought-induced changes in foliar gas exchange, our knowledge of the role of
other regulators is far less substantial. Theoretically, the case for ethylene is particularly promising
in light of its documented production in foliage experiencing stress and the observation that both
carbon gain and water use are responsive to ethylene. The objective of the current study was to
investigate the physiological site of ethylene action through manipulative experiments that identified
the degree to which stomatal and nonstomatal processes limit carbon dioxide assimilation in soy-
beans (Glycine max). The studies were conducted in the Air Pollution Exposure Facility in the
Plant Sciences Laboratory and involved the use of a remotely operated single-leaf cuvette.

Elevated levels of ethylene influenced both the stomatal physiology and the leaf’s intrinsic
capacity for assimilating carbon dioxide. While both processes responded in synchrony, the stomatal
response was of far greater magnitude than that of assimilation. In partitioning the limitations
imposed on carbon dioxide assimilation, the stomatal component was not a major contributor,
accounting for only 16 and 4% of the total in the controls and the ethylene-treated plants, respec-
tively; the balance was attributed to nonstomatal or chloroplastic processes. Consequently, the pro-
nounced decline in carbon dioxide assimilation rates in the presence of ethylene was due more to a
loss of the chloroplast’s assimilatory capacity than to the reduction in the conductivity of the sto-
mata. Analyses of the efficiency of the light-conversion process, using nonintrusive whole-plant
techniques, indicated a 50% reduction in the ability of the chloroplast to convert light to chemical
energy (Fig. 4.1). .

These data indicate that while ethylene can effect marked changes in both carbon gain and
water use, the responses are mechanistically independent. The demonstration that stomatal physiol-
ogy is a minor contributor to the rates of carbon dioxide assimilation departs significantly from the
more traditional role attributed to stomata. The observation that ethylene action in carbon dioxide
assimilation does not originate in the stomata supports the hypothesis that the growth regulator is
involved in mediating the effects of different physical and chemical stresses on carbon gain in ter-
restrial vegetation.

Symbiotic Activity in Woody Plants Stimulated by Atmospheric Carbon Dioxide Enrichment (R. J.
Norby, E. G. O’Neill, and R. J. Luxmoore)

Symbiotic relationships between plant root systems and soil microorganisms are an important
aspect of how plants in their native habitats acquire the environmental resources necessary for
growth. Prominent among such symbioses are root nodule formation in association with nitrogen-
fixing bacteria in the soil and the mycorrhizal relationships between roots and soil fungi. Both of
these relationships depend on photosynthate produced by the host plant and might therefore be
more vigorous when the concentration of carbon dioxide in the atmosphere increases. Stimulation of
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Fig. 4.1. The carbon dioxide assimilation rate in soybeans (Glycine max) as a function of irradi-
ance (PPFD or photosynthetic photon flux density) in (a) control plants and (b) plants treated with
ethylene (C;Hy). The parameter Ay, is the estimated maximum carbon dioxide assimilatory capac-
ity at saturating irradiance. This maximum in ethylene-treated plants is only 50% of that in control
plants and indicates a marked effect of ethylene on the plant’s photochemical efficiency.

symbiotic activity in the rhizosphere of woody perennial plants could increase the availability of
critical inorganic nutrients in infertile forest soils, and may be a prerequisite for sustained growth in
trees in response to carbon dioxide enrichment of the atmosphere.

Seedlings of four species of nitrogen-fixing trees were used to study whether nodulation and
symbiotic nitrogen fixation in woody plants are stimulated by carbon dioxide enrichment. Robinia
pseudoacacia (black locust) is a legume that forms nodules in association with soil bacteria in the
genus Rhizobium. Alnus glutinosa (black alder), Alnus serrulata (hazel alder), and Elaeagnus
angustifolia (Russian olive) are actinorhizal species that nodulate with the actinomycete Frankia.
Enrichment of the atmosphere to 700 uL CO,/L increased nitrogen fixation in the woody plants in
similar fashion to the increases in nitrogen fixation reported for annual crop plants such as soy-
beans, alfalfa, and peas grown in a similar CO,-enriched atmosphere. The physiological basis for
the effect was increased nodulation, which was attributed to both a uniform whole-plant response to
carbon dioxide enrichment as well as a specific stimulation of nodulation relative to plant dry
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weight. The increase in nitrogen fixation and its associated carbon cost did not prevent a substantial
plant-growth response to carbon dioxide enrichment, and the increases in growth occurred despite
probable nitrogen and phosphorus deficiencies. It is hypothesized that greater increases in nodula-
tion and nitrogen fixation would occur under conditions of greater phosphorus availability. If the
responses to elevated carbon dioxide observed in the seedlings in this study are comparable to the
responses of larger nitrogen-fixing trees, we can expect growth, nitrogen fixation, and the contribu-
tion to available nitrogen pools to increase as the carbon dioxide concentration in the atmosphere
increases.

Mycorrhizal responses to carbon dioxide enrichment were examined in white oak (Quercus alba)
seedlings grown in pots containing forest soil colonized by native fungal species. Beginning at 12
weeks, seedlings grown in an enriched atmosphere (700 gL CO,/L) had a significantly greater pro-
portion of short roots that were colonized by mycorrhizal fungi than did seedlings grown in ambient
carbon dioxide; this difference persisted for 24 weeks. As with earlier experiments with shortleaf
pine (Pinus echinata), the increase in the number of mycorrhizae was apparent before any differ-
ence in biomass was detected, which suggests that initially photosynthate was preferentially allo-
cated to establishment of the symbiosis. The final dry weights of seedlings grown in elevated carbon
dioxide were 56% greater than those of seedlings grown in ambient carbon dioxide; the dry weights
of the roots increased 91%. In a nutrient-limited system, it is hypothesized that the proportion of a
seedling’s short roots that are colonized by mycorrhizal fungi affects nutrient acquisition by increas-
ing the surface area for nutrient uptake and delaying the senescence of short roots. Greater mycor-
rhizal density and increased first-year root growth in an atmosphere enriched with carbon dioxide
may enhance nutrient acquisition and thus support further biomass increases.

Biogeochemical Cycling

A Preliminary Evaluation of Chernobyl-Derived Radioactivity Measured in Oak Ridge, Tennessee,

May 7 to June 3, 1986 (E. A. Bondietti, J. N. Brantley, I. L. Larsen,! R. D. Lomax, C. Rangara-
jan, and J. S. Eldridge?)

On April 26, 1986, an accident at the Chernobyl nuclear reactor complex in the Soviet Union
released large amounts of radioactivity to the troposphere. Fission products from the accident were
first measured in Scandinavia on April 28. On May 7, after a 24-h air sample did not show
anthropogenic radioactivity, two high-volume cascade impactors were set in operation to measure
the aerosol size distribution of the fission products when they mixed into the boundary layer in East
Tennessee. One impactor was operated with a charcoal-impregnated glass fiber final filter, and one
was operated with a normal glass fiber final filter. It was anticipated that only the fission products
which had volatilized from the reactor core would be transported via the free troposphere to Oak
Ridge and that, except for 11, their size distributions would be the same as those for "Be and 2!°Pb
but larger than that for 2/?Pb. The size distributions and growth rates of these natural isotopes have
been examined extensively over the past year. The significance of aerosol 3'I was of particular
interest, since its contribution to the '*'I release in the Windscale accident was never determined.

Iodine-131 was first detected in Oak Ridge on May 10; on May 16 the cascade impactors were
stopped. From May 20 to 23 and from May 29 to June 3, additional impactor measurements were

'Barth Sciences Section, ESD.
Analytical Chemistry Division, ORNL.
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made. On May 28-29, two high-volume air samplers were operated for 48 h as part of a study on
following aerosol residence times using *'°Bi:?!°Pb dating. The fission products were analyzed after
the removal of #°Pb. Precipitation on May 12, 18, and 23-27 was also measured. Perimeter air
samples for the 16th and 17th of May were obtained in order to determine isotope ratios between
the 16th and 18th. The samples were examined with coaxial and well-type intrinsic germanium
detectors in low-background shielding. All isotope ratio information discussed below refers to meas-
urements decay-corrected to May 16.

From the distributions found on the normal impactor, the activity median aerodynamic diame-
ters (AMADs) for the May 7-16 air sample were calculated. The AMADs for 24Cs and 137Cs
were the same (0.4 ym), and those for '®Ru and aerosol !1 were slightly smaller (0.37 um). By
comparison, natural "Be had an AMAD of 0.38 um, and 10.6-h 22Pb, whose AMAD reflects very
recent condensation, had an AMAD of 0.18 pm. Less than 2% of the fission products and "Be were
found to have AMADs above 4.2 um. This is typical for condensation-derived aerosols.

The aerosol-associated '*!T was estimated to be <20% of the total '3'I, since the high-volume
charcoal filter did not retain all of the gaseous '3!I. The chemical forms of 3'I in the <0.41- and
0.41- to 0.73-um '*'I aerosol fractions were subsequently evaluated by radiochemical methods previ-
ously used on *'I derived from weapons tests. Most of the aerosol 3!I was soluble in 0.01 M
NaOH, and 20% separated as I~ or I,. No *'I precipitated with 105" (some 'Ru did). By con-
trast, weapons-derived >'I was usually not as leachable, and the leachable 13 always showed sig-
nificant quantities of '*'10;". The 0.41- to 0.73-um size fraction yielded similar results for total
inorganic iodine.

The May 13 shower, collected with a large-surface-area collector, contained *’Cs and !Ru at
the same activity ratio as measured in air. On the weekend of May 17, a significant change in the
isotope picture occurred. Precipitation from a convective storm on May 18 gave an isotope spectrum
enriched in '“Ba, 1311, and the ruthenium isotopes relative to radiocesium. The May 20-23 impac-
tor sample, the May 23-27 precipitation sample, and the May 28-29 air sample (with the exception
of '], which was not found after 2'°Pb removal) also showed the change in ratios. The May 17
perimeter air sample, however, still reflected the conditions present during the first impactor sam-
pling (through May 16). The May 20-23 air sample showed that "Be had increased (from a fairly
typical value for springtime) by a factor of 1.7, indicative of significant input of upper tropospheric
air during the convective period. Fission products also increased by similar amounts over the level
of the previous week. By May 29, however, air concentrations had dropped much below those found
during the period of May 10-16. These findings are interpreted as indicating the existence of two
“clouds”—one at low altitude and mixing into the boundary layer by subsidence and a second one
brought to the ground by convective mixing associated with the May 18th storm. Washout calcula-
tions indicated that at a minimum, 40% of the air scavenged from May 23 to 27 was contaminated.

The AMADs determined from the May 20-23 impactor measurements were '3'Cs, 0.48 pm;
134Cs, 0.43 um; '©Ru, 0.45 pm; '%Ru, 0.44 pm; 1311, 0.32 ym; “°Ba, 0.45 um; and "Be, 0.39 um.
Thus, while "Be remained essentially the same, the sizes of the other nuclides (except 13'I) had
increased. For example, !%®Ru was smaller than Be in the first sample but larger in the second
sample. The '¥’Cs AMAD was the largest, although local soil contamination near the sampling site
may have biased this value, even though sampling over the last year has not shown this amount of
resuspension. The small ! size distribution is unexplained, but like the first <0.41-pm fraction,
20% was present as I, or I”. No 103 was found.

In addition to these isotopes, !36Cs was identified on submicron aerosols. While the relative air
concentrations cannot be used to evaluate the time course of the accident, isotope ratios are more



4 e 4 s o it et et

. .«
o i s e o

- e o it

PUSUPE

o 4 e merae sta e s vemnm o de e bdn el

Section 4 49 ORNL-6327

definitive tracers of different core conditions, since ruthenium and barium volatilize under different
conditions than cesium or iodine. It is quite interesting that barium and ruthenium are enriched in
the later samples. There is also evidence for poorly soluble cesium and ruthenium (not beryllium or
iodine), suggesting early condensation with other nonradioactive volatiles originating from the
reactor’s core.

Subsurface Transport Project (R. J. Luxmoore, R. S. Turner, R. W. Arnseth, K. W. Watson, R. R.
Turner, G. R. Southworth, and R. C. Ward)

Field, laboratory, and computer modeling investigations of the effects of macropore and soil
variability on water and solute transport in a deciduous forest were carried out for two contrasting
watershed sites on the Oak Ridge Reservation: the Walker Branch Watershed, which has a deep
soil profile (30 m), and the Melton Branch Watershed, which has a shallow soil profile (3 m).

Watershed Chemical Characterization. The cation exchange capacity and pH of the bulk soils
were found to account for 75% of the variability in bulk soil manganese adsorption. The mean man-
ganese adsorption was twice as high for Melton Branch Watershed (MBW) soils as for Walker
Branch Watershed (WBW) soils. Amorphous manganese oxides increased in concentration with
depth in MBW soils, but decreased with depth in WBW soils. Scanning electron micrographs
showed distinct coatings of manganese on macropore surfaces and bands of manganese in peds of
MBW soils, but very low concentrations and a uniform distribution of manganese in WBW soils,
Drainage collected from subsurface weirs in WBW was 10 times more concentrated in manganese
and more acidic than that collected from MBW. These results suggest that differences between the
two watersheds in bulk soil manganese adsorption alone cannot account for differences in manga-
nese mobility.

Soil Macroporosity. The differences in infiltration rates under ponded conditions (all pores con-
ducting water through the soil) and under tension of up to 1.5 kPa (large pores excluded from the
flow process) were used to estimate the macroporosity of the surface soils of the two experimental
watersheds. The mean ponded infiltration rate of 16.7 m/d at MBW was higher than the 11.1 m/d
-value for WBW,; however, the infiltration rates under tension control were very similar at both
watersheds. Soil macroporosity was very low (<0.001 m®/m?) at both watersheds, but was sufficient
for conducting large quantities (73%) of ponded water through the surface soil.

Chemical Adsorption on Macropore Wall Coatings. Organic (root-derived) and mineral materials
coating the walls of large soil pores and channels were collected, and the adsorption characteristics
for cadmium and manganese were determined. Such measurements were also made with the bulk
soil adjacent to the macropores. Chemical adsorption was higher (10 times higher for cadmium, 2
times higher for manganese) for the organic coatings than for the bulk soil, whereas the mineral
coatings on macropores had adsorption characteristics similar to those of the soil matrix. Greater
chemical retardation is expected through old root chanmels than through macropores without
organic materials.

Chemical Transport Through Soil Columns with Macropores. The migration of tritiated water,
2Na, ¥Sr, and %Zn through an intact soil column characterized by high hydrodynamic dispersion
was observed under ponded flow conditions. The elution of the tracers was simulated with an
advection-dispersion model and a two-region/two-site transport model. The advection-dispersion
model represented the elution curve of tritiated water well, but the two-region/two-site model was
required to describe the elution of the 2Na tracer from the soil column. The ®Sr and %Zn were
strongly adsorbed and were retained by the soil column. These ions did not appear in the effluent,
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despite high hydrodynamic dispersion, which resulted in the nearly immediate appearance of tri-
tiated water in the effluent.

Simulation of Soil Variability Effects on Subsurface Flow. A three-dimensional hydrologic model
was set up to represent a 30° hillslope with four patterns of soil variability. The mean and variance
of the soil’s hydraulic properties, defined in terms of scaling factors, was the same in all cases, with
one case having a random spatial distribution and the other having a spatially correlated distribu-
tion of soil properties. The subsurface outflow resulting from a rainfall intensity of 10 mm/h for
4 h occurred at a greater rate from the hillslopes with spatially patterned soil distributions. The
random distribution of soils favored the interaction of dissimilar types of soil (coarse- and fine-
textured) with différing water capacities, resulting in a lag in hillslope outflow relative to the
hillslopes with spatially correlated soil distributions.

Radiosulfur Cycling Research at Walker Branch Watershed (C. T. Garten and R. Lomax)

Two red maples (Acer rubrum) and two yellow-poplars (Liriodendron tulipifera) on Walker
Branch Watershed were labeled with 35S (87-d half-life; maximum beta. energy 0.167 MeV) by
stem-well injection in late June 1986 to determine (1) the extent of foliar leaching of biologically
incorporated sulfur, (2) the degree of transformation and volatilization of sulfate-sulfur by trees,
and (3) the extent of sulfur turnover by tree roots. One tree of both species studied was girdled to
prevent downward translocation of the injected *S. The girdled trees were harvested in October,
and measurements will be continued on one poplar and one maple tree (not girdled) into the dor-
mant season.

From measurements of 3°S concentrations in leachates and measurements of the total volume of
throughfall and stemflow beneath the girdled maple, it was determined that a total of 0.012 uCi
was leached from the tree in stemflow and 0.11 xCi was leached by throughfall during the 89-d
experimental period. These amounts corresponded to 0.7 and 8.2%, respectively, of the total 3°S in
maple foliage and <0.06% of the amount injected. Only 0.33% of the 3S in the girdled maple’s
foliage was leached per centimeter of rainfall. About half (0.055 xCi) of the total 3°S leached from
the tree in throughfall was leached by rainfall during the first week after labeling. Therefore, the
freshly added S appeared to be more leachable from maple foliage than the 35S which had-aged in
the leaves for several weeks.

The concentrations of 3°S in tree leaves after labeling increased- with time and reached 50% of
their maximum value within 2 weeks. More 3°S was extractable from poplar leaves than from
maple leaves using 0.01 N HCL; however, chromatography of the poplar leaf extract on Biogel P-2
indicates that 35S in the extract does not behave like sulfate-sulfur. Concentrations in the trunk
0.5 m above the stem well decreased, whereas concentrations in small stems (<1 em diam)
increased during the study.

At harvest, maple leaves, stems and branches, and trunk contained 3.3, 6.6, and 110.6 uCi,
respectively. Nearly 65% (64 uCi) of the *S in the tree at harvest was associated with the 4.9-kg
portion of trunk which bore the injection well. At present, ~31% of the initial 35S in the girdled
maple tree is unaccounted for and may represent either sampling error, measurement error, or
transformation and volatilization of 3°S from the tree foliage (Table 4.1). Further measurements
are being made on this single tree for the purpose of quality assurance and to determine the extent
of sampling error contributing to the portion of 35S that is unaccounted for. Some researchers argue
that volatilization losses from trees can account for a major fraction of the apparent net accumula-
tion of sulfate-sulfur by forest ecosystems.
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Table 4.1. Activity balance for **S-labeled red maple tree
89 d after stem-well injection

Ttem I3 Percent
(#Ci)  injection
Injection well (not assimilated) 5.4 3.0
- Tree
Leaves 3.3 1.8
Branches and stems 6.6 3.6
Trunk 110.6 60.8
Litterfall 0.1 0.05
Leaching
Throughfall 0.1 0.05
Stemflow 0.01 0.01

Unaccounted for
(Volatilization, sampling error) 56 30.7

Total injected 182 100

Integrated Forest Study (D. W. Johnson, D. E. Todd, K. C. Dearstone, R. B. Harrison).

The Oak Ridge National Laboratory is responsible for the operation of four Integrated Forest
Study (IFS) acid deposition research sites: a loblolly pine (Pinus taeda) site at ORNL, two red
spruce (primarily Picea rubens, with a minor component of Fraser fir, Abies fraserii) sites, and one
beech (Fagis grandifolia) site near Clingmans Dome in the Great Smoky Mountains National Park
(GSMNP). The preliminary results of our research show that sulfate is the major anion in soil solu-
tions from the loblolly pine site, indicating that leaching processes at this site are dominated by
atmospheric sulfur inputs. Soil solutions are near pH 6, and the cationic component consists primar-
ily of calcium and magnesium, with lesser amounts of potassium and sodium and only trace
amounts of aluminum. Since the soils from this site are moderately acid (pH 4.4 in 0.01 M CaCl,
and 70% base saturation by the sum-of-cations method), this cation composition in the soil solution
is as expected.

In contrast to the loblolly pine site at ORNL, the anionic component of soil solutions from the
GSMNP sites (both spruce and beech) is dominated by nitrate. Since nitrate concentrations
increase dramatically from throughfall to forest floor solutions, we infer that nitrate is produced
within the soil by nitrification. Both hydrogen and nitrate ions are produced during the nitrification
process (i.e., nitric acid is produced); thus, nitrification within the soil is the dominant mechanism
for nitrate leaching and acidification at these sites. The soil solutions from these three sites are
much more acid (pH 3.5-4.5) than those from the loblolly pine site, and aluminum is often the
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dominant cation. Since the soils from all three of the GSMNP sites are extremely acid, with pH
values of <4 in 0.01 M CaCl, and base saturation of <5% (by the sum-of-cations method), the
presence of large amounts of aluminum in the soil solution is as expected. We do not yet know the
reason for the high rates of nitrification and nitrate leaching at the GSMNP sites. Since nitrogen
deposition is expected to be relatively high at these sites, it is very doubtful that the current levels
of atmospheric nitrogen inputs can account for the very high rates of nitrogen loss through nitrate
leaching. This leaves a situation in which soil nitrogen is very likely being depleted currently. The
reasons for this depletion could include disturbance (e.g., forest decline or dieback due to balsam
woolly aphid attacks in the fir component of the spruce sites, hog rooting in the beech site) or a
general increase in the decomposition of organic matter in the soil and on the forest floor perhaps
induced by a change in microclimatic conditions. These hypotheses are currently under investiga-
tion.

These initial results suggest that we must pursue very different lines of investigation in deter-
mining the effects of atmospheric deposition at the low-elevation loblolly pine site vs the high-
elevation spruce and beech sites. In the former, we must concern ourselves with the potential long-
term effects of accelerated leaching rates on soil acidity and fertility. This will involve a careful
analysis of the pools and fluxes of calcium, magnesium, and potassium in these ecosystems. In these
cases, we must be concerned with the short-term effects of elevated aluminum in soil solutions (e.g.,
toxicity effects on tree roots and possible transport to streams).

Ecosystem Dynamics
National Environmental Research Park (P. D. Parr and L. R. Pounds)

The Oak Ridge National Environmental Park (NERP) has been active in working with the
Tennessee Department of Conservation (TDC) and the DOE Oak Ridge Operations Office in the
placement of eight sites on the Oak Ridge Reservation in the Tennessee Natural Areas Registry.
This agreement, signed in January 1986, between the TDC and the DOE Oak Ridge Operations
Office assigns responsibility to the Oak Ridge NERP for coordinating interactions with TDC and
for implementing federal and state regulations concerning rare plants and their habitats on the Oak
Ridge Reservation. The Tennessee Natural Areas Registry is a land protection tool which was
established by the Natural Areas Preservation Act of 1971. It is TDC’s primary tool for protecting
non-state-owned lands of natural significance. The primary emphasis in natural area registration is
on those areas which support populations of endangered or threatened plants or animals or
old-growth forests.

The following eight sites on the Oak Ridge Reservation have been placed in the Natural Areas
Registry because of their rare plant populations or unique plant communities:

1. Campbell Bend/Crowder Cemetery Barrens — This area includes bluffs along the Clinch
River that support a population of the false foxglove (Aureolaria patula), which is on the state list
as threatened and under status review for federal listing. It also contains a cedar barrens habitat
with an unusual association of plant species, including tall larkspur (Delphinium exaltatum), which
is listed as endangered in Tennessee, prairie goldenrod (Solidago ptarmicoides), which is listed by
the state as threatened, and auricled gerardia (Agalinis auriculata), which is listed by the state as
endangered and is also under status review for federal listing.

2. and 3. Poplar Creek Hemlock Bluffs — Stands of Canada hemlock with a rhododendron
understory occur along Poplar Creek on McKinney Ridge and also on Black Oak Ridge. Though no
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rare species are currently known to occur in these stands, these hemlock-rhododendron communities
are quite unusual on the Oak Ridge Reservation.

4. Walker Branch Embayment “Barren” — This is not a true barren, but rather a rocky wooded
area with a sparse oak-cedar overstory. In the herbaceous layer of this forest, there is a population
of tall larkspur (Delphinium exaltatum), which is listed as endangered by the state.

5. Bearden Creek Bluff — On the bluff near the confluence of Bearden Creek and the Clinch
River there occurs a relic stand of northern white cedar (Thuja occidentalis), a species that is
uncommon in Tennessee, and a population of northern bush-honeysuckle (Diervilla lonicera), a
shrub classified as threatened in Tennessee.

6. Bear Creek/McNew Hollow Floodplain — The poorly drained bottom along Bear Creek has
created a habitat consisting of seeps and swamp forest. Growing in the poorly drained areas are sev-
eral species of orchids, including the southern rein-orchid (Plantanthera [flava), a species of special
concern for Tennessee.

7. Bull Bluff — This is a precipitous bluff rising more than 322 m above the Clinch River.
Growing on this bluff are two rare plants: northern bush-honeysuckle (Diervilla lonicera), which is
listed as threatened in Tennessee, and bugbane (Cimicifuga rubifolia), which is threatened in the
state and also under status review for federal listing.

8. McCoy Branch Embayment Barren — This is the site of what is probably the largest popula-
tion of tall larkspur (Delphinium exaltatum) known to occur anywhere. This plant is listed as
endangered in Tennessee.

Research activities in these areas are coordinated by NERP with close interaction with TDC.
Long-term monitoring studies of a few of the rare plant populations, which have been initiated by
NERP, will lead to information useful in determining beneficial management strategies for the
plant habitats.

Climatic Change in the Amazon Region (J. G. Saldarriaga, D. C. West, and M. L. Tharp)

Ecologists have long assumed that a very long period of climatic stability prevailed in the Ama-
zon region through most of the Quaternary. However, recent evidence indicates that this region
experienced several dry episodes during the Pleistocene and increased precipitation in the Holocene.
Extensive scattered deposits of charcoal have been found in the soil in the Upper Rio Negro region
of Colombia and Venezuela (in the Amazon basin), which has led us to question the long-term sta-
bility of major forests in the region.

The presence of charcoal in forest soils of the Amazon region has been attributed to past human
occupation (old village sites) or slash-and-burn agricultural activities. However, the data on settle-
ment and mobility patterns of indigenous populations in prehistoric and colonial times, the environ-
mental stress on human populations during the Holocene, as well as their pattern of land use for
agriculture do not corroborate the assumption of an anthropogenic origin for the charcoal found in
all types of forests in the Upper Rio Negro of Colombia and Venezuela. Evidence to support the
hypothesis of unstable environmental conditions in this area is provided by the amount of charcoal
found, its distribution in the soil profile, and the radiocarbon dates.

Several radiocarbon dates for charcoal found in the Upper Rio Negro region correspond to
reported dry periods. We found that the dry intervals coincided with the radiocarbon dates for the
Upper Rio Negro except for the 1100 to 1300 B.P. wet phase, which coincided with little or no
charcoal. These examples suggest that the extreme weather conditions that prevailed in different
areas of the Amazon basin during the Holocene reflect climatic fluctuations. In addition, there are
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a number of examples of intervals of lower effective precipitation, resulting in lower lake levels
during the Holocene in the Andean area, the inland savannas, and the lower Magdalena Valley.
These intervals are similar to those in the Amazon basin. The scattered records mentioned above
coincide with several climatic episodes that were apparently synchronous around the world either in
time or in climatic patterns. Perhaps this indicates synchrony of events in the same region.

The presence of charcoal in the moist, tropical forests of the Upper Rio Negro indicates that
this region has been subjected to frequent fires. The fires are the result of lightning occurring dur-
ing extremely dry periods, slash-and-burn agriculture, or a combination of both climate and human
activity. The “C dates of the charcoal confirm the occurrence of fires in the Upper Rio Negro
forests for at least the last 6000 years.

Multiple Nutrient Limitations in Ecological Processes (R. V. O'Neill, D. L. DeAngelis, J. J. Pastor,
B. Jackson, and W. M. Post)

Ecological processes are often limited by more than one nutrient; for example, both nitrogen and
phosphorus might limit primary production in a particular situation. Therefore, mathematical repre-
sentation of simultaneous limitations is critical in many modeling and data analysis situations. Eight
functions proposed in the literature and three new functions that are candidates for describing mul-
tiple limiting factors were evaluated in terms of their ability to fit experimental data and as a basis
for developing a general theoretical framework that illustrates commonalities and differences
between the functions.

Based on this analysis, four functions for treating multiple nutrient limitations were eliminated
as useful representations because they cannot be reasonably calibrated against available data. Two
other functions were found to be less useful because they require unreasonable parameter values
when parameterized against single nutrient experiments. Two of the functions appear to be ade-
quate representations for treating multiple nutrient limitations. One of these is slightly preferable
because of its simplicity and because convergence is stronger in fitting data. For two nutrients limit-
ing productivity, this preferred function, termed the “additive model,” is

P = PpaxNiNy/(k;N; + N)N; + kiN,),

where N; and N, are the abundances of two limiting nutrients and Ppax is the maximum value of
productivity, P. The parameters k; and k; are adjusted to calibrate the function to data.
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PART II. ENVIRONMENTAL SCIENCES DIVISION PROGRAMS
5. BIOMASS PRODUCTION

J. W. Ranney

D. T. Curtin! D. W. Johnson?  R.J. Norby?  J. L. Trimble?

J. H. Cushman? J. W. Johnston? E. G. O'Neill>  A. F. Turhollow’
D. H. Dawson? P. A. Layton? R. D. Perlack’® C. R. Wenzel®
A. R. Ehrenshaft* R.J. Luxmoore? D. E. Todd? L. L. Wright?

P. L. Henry? W. A. McNabb?

Introduction

The Environmental Sciences Division (ESD) conducts both program management and support-
ive research for the U.S. Department of Energy’s (DOE) Biofuels and Municipal Waste Technology
Division (BMWTD). Under its Biomass Production Program, ESD manages two BMWTD research
and development programs on herbaceous and wood energy crop production research: the Short
Rotation Woody Crops Program (SRWCP) and the Herbaceous Energy Crops Program (HECP),
which comprise 40 subcontracts and interagency agreements. Research conducted at ESD focuses
on energy crop nutrient cycling, growth modeling, physiology, programmatic data synthesis, and
economic evaluation. Additional activities include DOE-supportive roles in multiyear planning,
biofuels technology evaluation, and technical leadership for international activities in biomass
energy research.

The main thrust of biomass research in ESD is determining the nitrogen-use efficiency of new
energy crops. The approach is one of defining the physical, chemical, and biological actions of
organisms in a nitrogen-enriched soil and their effects on nitrogen availability to, and growth of,
these new energy crops. Energy crop physiology, photosynthate production and allocation, and
root-symbiont interactions are part of this interdisciplinary effort. A pilot stand of green ash (Frax-
inus pennsylvanica) was planted in March 1986, but little data are available for reporting. This
research is partially replicated at Tuskegee University for the purpose of validating our field results
and for facilitating ESD research exchange with a historically black university.

Other major efforts include the compilation of a complex wood energy crop data base from
which syntheses are now being made, evaluation of the growth capacities of lignocellulosic herba-
ceous crops under limited management inputs, and comparative economic evaluations of energy
crop production strategies.

The subcontracted work in the SRWCP and HECP supports research on the production of new
wood and herbaceous energy crops for use as a feedstock for conversion to liquid and gaseous fuels.
Improved productivity, cost-effectiveness, environmental acceptability, and feedstock quality are the

Tennessee Valley Authority, Norris, Tennessee.

*Terrestrial Ecology Section, ESD.

3Consultant.

“Information Resources Organization, ORNL.

Energy Division, ORNL.

¢Science Applications International Corporation, Oak Ridge, Tennessee.
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measures of progress. The research thrusts are in genetics, biotechnology, and physiology; species
screening; cultural research; harvesting and handling; biomass composition; and economics.

Growth Modeling of Wood Energy Crops
L. L. Wright and P. A. Layton

In the Short Rotation Woody Crops Program, two different but complementary computerized
ecophysiological growth-simulation models are being developed. These models will help us to better
understand site, genetic, and silvicultural influences on the growth of wood energy crops and to bet-
ter direct the genetic improvement of these crops. At the individual tree level, a model for Populus
is being developed by several subcontractors, based on detailed field and laboratory studies of pho-
tosynthesis, respiration, incident solar radiation, and crown architecture and growth habits. At the
stand level, modeling efforts, utilizing data generated in the SRWCP, were initiated by ESD and
other subcontractors.

The Tree-Level Ecophysiological Model (L. L. Wright)

In the trec-level ecophysiological model, the individual leaf is the principal biological unit
(Michael et al. 1985). The model determines the infiuence of orientation, light interception, temper-
ature, and photosynthate sink demand on the photosynthetic capacity of individual leaves. The per-
formance of individual leaves is then integrated to obtain an estimate of the hourly and daily pho-
tosynthate production, the distribution of the accumulated photosynthates throughout the plant, and
the conversion of photosynthates into dimensional growth. Once the site characteristics and micro-
climatic conditions are defined for a particular environment, the computer model requires relatively
few input variables to describe the morphological and phenological characteristics of a clone.
Through an iterative process on a personal computer, the model can provide an estimate of the
biomass production, height, diameter, weight, and volume of a clone.

At present the model is limited to simulating the growth of a l-year-old tree with <100 leaves.
However, considering the 3- to 8-year rotation in wood energy crops, the correlations between
harvestable trees and 1-year-old seedlings may be large, and, therefore, the early selection provided
by this model could be extremely relevant and useful for breeders. The model provides a graphic
display of the leaves on the tree, which allows the breeder to visualize the effects of changes in leaf
orientation on solar radiation interception (Fig. 5.1). The model can test hypotheses regarding how
modifications in architecture and carbon allocation patterns affect first-year production rates in a
given environment as well as predict the performance of a given tree architecture in different
environments. Thus, tree ideotypes can be designed for different environmental conditions. This
tree-level simulation model is expected to be a very useful tool to geneticists for identifying juvenile
traits in Populus that strongly influence yield.

The Stand-Level Ecophysiological Model (L. L. Wright)

The premise of the stand-level ecophysiological model is that the production of biomass (meas-
ured by dry weight) in plant communities is proportional to the radiant energy absorbed by the can-
opy. This model differs from the trec-level model in assuming that the stand canopy can be ade-
quately described in a simplistic manner. The basic equation of the model for a given unit of time
relates the net dry matter production to a function of the amount of shortwave light absorbed and
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Fig. 5.1. Computer output generated by tree-level ecophysiological model, showing leaf orien-
tation from side and top. Altitude refers to the relationship of the sun to the trees, with altitude
90° being directly overhead. Source: E. A. Hansen, B. Haissig, J. G. Isebrands, and
D. Riemenschneider. 1986. Increasing yields of Populus energy plantations. Unpublished
annual report submitted to the U.S. Department of Energy’s Short Rotation Woody Crops Pro-
gram. U.S. Department of Agriculture, North Central Forest Experiment Station, Rhinelander,
Wisconsin.
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the efficiency of a crop in converting that light to biomass. Light absorption is assumed to be a
function of leaf area development that can be estimated using information on maximum leaf area,
date of leaf emergence, and end of leaf fall.

Subcontractor data on the first-year growth of Populus hybrid NE 388 indicate that the
energy-conversion efficiency of 1-year-old crops is 0.00016 kg/MJ and that of 2-year-old and older
crops is 0.0007 kg/MJ under the best cultural conditions (Fig. 5.2). A limitation of the model is
that energy allocation to roots is not accounted for, a possible reason for the lower apparent conver-
sion efficiency of the plants in the first year.

A computer simulation based on the basic equation and parameterized by field results demon-
strates that photosynthate partitioning to leaves must be high early in the growing season in order
to produce the leaf masses observed in Populus stands. This agrees with carbon allocation patterns
determined in #C tracer studies (Isebrands and Nelson 1983). Although, in theory, a stand-level
model such as this could predict the yield obtainable from any area with input of actual radiation
data for that area, the model needs to be tested with other species and factors (e.g., fertility levels,
density) affecting the parameter values investigated before it can be used with any confidence in
predicting obtainable yields in a given area. However, the model can be used now to perform sensi-
tivity analysis on traits such as leaf area dynamics that are under genetic control to help geneticists
establish the ideal traits for maximizing productivity.

ORNL-DWG 86-16843
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Fig. 5.2. Total biomass produced to time t as a function of total radiant energy absorbed to
time t. Solid line indicates maximum slope of the data.
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Integration of Tree- and Stand-Level Models (L. L. Wright and P. A. Layton)

An understanding of stand competition processes is needed in selecting species and clones that
can tolerate competition and in optimizing densities and rotation lengths in order to obtain high
yields in both seedling and coppice stands. Competition is therefore seen as the integrating phenom-
enon for the two models.

Based on preliminary analysis of SRWCP information (including five tree species),
competition-induced mortality appears to be a linear function of density. This can be described by a
consistent relationship between tree size and density or spacing of trees (or self-thinning line),
which, for many plant species, has a slope of —1.5 when weight is the dependent variable. The
slope determined by analysis of several short-rotation intensive culture (SRIC) stands at densities
from 1000 to 100,000 trees per hectare was somewhat less (—1.25) than would normally be
expected, and in some density ranges the data did not conform well. Thus, the relationship is not
sufficiently substantiated by the. available data to use it for making management decisions. How-
ever, the analysis is informative because it indicates that a solid predictive relationship could be
established if a single genotype and cultural treatment were applied to a wide range of densities.
Such a study is currently being conducted to test this. The analysis also shows that different hard-
wood species (sharing a trait of intolerance to competition) have relatively similar size-density rela-
tionships. Similar evaluations need to be made with wood energy species that are more tolerant of
competition and with improved genotypes of intolerant species. The expectation is that improved
competition tolerance and/or improved growth characteristics will either increase the size of trees
before stands reach a self-thinning phase or bring on earlier initiation of self-thinning.

Translating the thinning phenomenon to its effects on individual leaf growth, distribution, and
photosynthate partitioning will soon be possible, after a few key trials on monitoring individual tree
leaves. Modelers will then be able to alter the models of specific tree traits at will to determine
their influences on stand-level productivity. Geneticists will then test these results.

Improvement of Herbaceous Lignocellulosic Energy Crops
J. W. Johnston

Lignocellulosic crops, which include the traditional forage and hay crops, are the primary focus
of HECP research activities. Field research in lignocellulosic crop production was initiated at five
institutions during FY 1985 (Fig. 5.3). The research focuses on establishing and screening promis-
ing lignocellulosic crop species for the production of energy feedstocks on lands that are marginal
for row cropping in the Southeast and the Midwest—Lake States (Cushman, Turhollow, and Johns-
ton 1986). These regions were chosen for study because of the abundance of marginal cropland
potentially available for energy crop production and because climatic factors, such as rainfall and
growing season, are adequate to sustain high levels of productivity. The research program includes a
screening component in which several promising species are grown under a variety of conditions at
sites that are marginal for conventional row crop production. Soil suitability factors that contribute
to characterization of a site as marginal include erosion potential, chemical and physical constraints
on rooting, and excessive wetness. The species being screened are primarily perennial grasses and
legumes, although several annual grasses and one annual Brassica species are also being tested.
Biomass yiclds are expressed as mass per unit of land area, and chemical yields are expressed as
percent of lignin, cellulose, hemicellulose, nonstructural carbohydrates, protein, and ash.
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Fig. 5.3. Locations of the field sites for the Herbaceous Energy Crops Program’s lignocellu-
losic crop screening studies in the Midwest-Lake States (Cornell University, Geophyta, and Pur-
due University) and in the Southeast (Auburn University and Virginia Polytechnic Institute and
State University).

The crop establishment phase of the lignocellulosic crop screening effort has been completed.
There were no difficulties in establishing annual species because consistently wet spring weather,
which is most often the limiting factor in establishment of annual crops, was not a problem.

The perennial crops exhibited a broad range of establishment success. Soil characteristics
related to wetness and texture and meteorological factors, such as drought and freeze-thaw cycles
that favored frost heaving, were the factors that limited establishment of perennial crops. Frost
heaving was the most important factor on chronically wet, poorly drained sites. In addition, the
high proportion of clay, which is characteristic of chronically wet soils, can lead to crust formation
in cultivated soils following heavy rains. Crusting inhibits development of seedlings whose growth is
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not rapid enough for emergence during the 2 or 3 d following rain. On sites without wetness prob-
lems, the greatest deterrents to establishment were soil conditions that caused sensitivity to drought.
The fall and spring droughts of 1985 and 1986 in the southeastern United States limited the
establishment of crop plantings in Alabama and Virginia, respectively. Fall plantings that were not
acclimatized prior to the unusually abrupt transition to winter conditions in December of 1985 in
the Southeast experienced a high incidence of winter kill.

This research has demonstrated that seedling establishment is more risky on marginal croplands
than on good cropland. Fall-planted crops must be planted earlier on marginal land in order to
attain adequate growth to avoid winter kill and to form a sufficient root mat to avoid damage from
frost heaving. In addition, no-till planting methods are preferable to traditional cultivation in many
cases for two reasons: (1) conservation of soil moisture in drought-prone soils and (2) the avoidance
of crust formation in soils with a high proportion of clay.

Of the annual crops, sweet sorghum exhibited the greatest productivity, with dry matter yields
in excess of 25 dry Mg/ha in Alabama and Indiana. Pearl millet and sorghum X sudangrass were
next highest in productivity, with dry matter yields of 16.5 Mg/ha and from 12.9 to 17.2 Mg/ha,
respectively. The responses of these crops to nitrogen fertilization were dramatic (Fig. 5.4), with

ORNL-DWG 86-16660

Br—T 71T T T 1

]

£ 16 —
o

=

o 14 — —
=

w

> 12 |— —
0@

w

- 40 — —
-

< O CONVENTIONAL
= TILLAGE

> 8 |— —
E O NO-TILL

0 50 100 150 200
NITROGEN APPLIED (kg/ha)

Fig. 5.4. Mean response of Sorghum bicolor X S. sudanense to nitrogen fertilization and
tillage treatment at four sites in Indiana (1986).
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yields in no-till plots doubling with the addition of 150 kg N/ha. These yields are very encouraging,
considering the marginal soils in most of the research locations and the current lack of information
identifying optimum management practices for energy crop production. In addition, these annual
crops will be grown primarily as the summer component of a double-crop system. Rye grown on
marginal soils averaged 4.3 Mg/ha in Indiana and 4.7 Mg/ha in Alabama as the winter component
of a double-crop system with sweet sorghum. In Alabama, a combination of rye and sweet clover
produced up to 9.5 Mg/ha as a winter component of the 1985 sorghum double-crop system. It
appears likely that yields of 40 Mg/ha will be common in years with adequate rainfall for double-
cropped winter and summer annuals in the Midwest and Southeast once the optimal species combi-
nations and crop management techniques are identified.

Perennial grass and legume crops seldom exhibit maximum annual productivity in their estab-
lishment year. Therefore, the yields from the 1985 growing season must be interpreted with that
fact in mind. Nevertheless, there were excellent yields from some perennial crops in their establish-
ment year. Johnsongrass produced 10.8 Mg/ha, and switchgrass and Sericea lespedeza produced
>5 Mg/ha at some Alabama sites. Significantly greater yields are anticipated in subsequent years.
The perennial grasses responded positively to fertilizer additions, although the increases in yield
were not as great as those for annual grasses. Switchgrass yields were increased 44% with the addi-
tion of 200 kg N/ha. The cost-effectiveness of alternative management practices, such as conven-
tional tilling vs no-till cultivation, double cropping, and fertilization, will be determined in subse-
quent years as more information from the screening efforts becomes available.

Improvement of Oilseed Energy Crops
A. F. Turhollow

The secondary focus of HECP research is on the production of vegetable oils as diesel fuel sub-
stitutes. The emphasis of this research is on development of winter rapeseed (Brassica napus) as a
winter annual in the Southeast. Although other crops produce oils that can be used as fuel in diesel
engines, their greatest value is primarily as a food crop. The characteristic of winter rapeseed that
sets it apart from the other oilseed crops is its ability to grow as a winter annual in the Southeast,
where it can be planted in the fall, after the harvesting of corn, and harvested in the spring in time
to plant soybeans, sorghum, or other summer crops. Therefore, winter rapeseed can be grown in an
otherwise fallow period in a crop-rotation system and provide a diesel fuel substitute without com-
peting with food crops for land. An additional benefit is the reduction of soil erosion provided by a
winter ground cover.

Oilseed research funded by the HECP is primarily concerned with developing a variety of win-
ter rapeseed having a combination of traits that favor its production for a diesel fuel substitute as
the winter crop of a double-crop system. Some specific desirable traits are (1) high yields,
(2) shatter-resistant seeds, (3) low glucosinolate content in the meal, (4) resistance to the herbicide
atrazine, and (5) regionally appropriate photosensitivity and vernalization requirements.

High yield is the most important criterion in determining the economic viability of winter
rapeseed as an energy crop. Increased plant growth results in more seed available for harvest. High
shatter resistance of the seeds and improved harvesting methods will increase the proportion of
seeds actually harvested. Reduction of glucosinolates, a family of toxic compounds found in most
rapeseeds and mustards (Raphanus spp.), will allow the use of rapeseed meal as an edible protein
supplement for livestock, thus increasing the total value of the crop. Atrazine resistance is required
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so that naturally occurring Raphanus spp., which carry undesirable traits (e.g., high glucosinolate
content or polyunsaturated oils) that are potentially transferable to the improved seed stocks
through cross-pollination, can be eliminated.

The economic viability of winter rapeseed as an energy crop depends to a large extent upon its
use as the winter component of a double-crop system. Appropriate photoperiod sensitivity and ver-
nalization characteristics are being incorporated into improved seed lines so that plants mature
early enough to be followed by soybeans, sorghum or peanuts, and yet avoid winter kill problems
that will occur if the plants break dormancy too early.

In addition to the selective breeding activities summarized above, oil-extraction efficiency exper-
iments are being conducted. The extraction efficiency of rapeseed oil is being examined, using car-
bon dioxide and other solvents, and procedures that minimize the extraction of gums and other
undesirable chemical fractions are being developed.
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6. CARBON DIOXIDE RESEARCH PROGRAM
C. C. Coutant

M. D. Burtis A. W. King* E. G. O’Neilt!
V. H. Dale! R. J. Luxmoore!  T.-H. Peng’
D. L. DeAngelis? L. K. Mann! W. M. Post!
R. H. Gardner?  R. J. Norby! J. S. Sanford
H. L. Jager’ :

Introduction

The Oak Ridge National Laboratory (ORNL) Carbon Dioxide Research Program was restruc-
tured in 1986 to continue administration of the U.S. Department of Energy’s (DOE) Global Car-
bon Cycle Program and to oversee the Laboratory’s research for the DOE Carbon Dioxide
Research Division on the carbon cycle and the biological effects of increased atmospheric carbon
dioxide (CO,). The DOE Global Carbon Cycle Program has focused on understanding and model-
ing the dynamic balance among global CO, sources and sinks, which determines the rate of
increase in the atmospheric CO, concentration. The observed increase in the CO, content of the
atmosphere is only about half the estimated release from fossil fuel consumption because of interac-
tions between the atmosphere and other global carbon reservoirs. These interactions must be under-
stood to provide a basis for developing models that will project future changes in the concentration
of atmospheric CO, as fossil fuel use continues. The carbon reservoirs known to be important in the
response to anthropogenic CO, are the atmosphere, the ocean, and the terrestrial biosphere (includ-
ing soils). Work on the effects of increased CO, centers on the potential for enhanced fixation of
carbon by plants. - . i

Understanding the fate and effects of CO, requires very different approaches than does the
solution of more traditional pollution control or experimental scientific problems. It involves deci-
phering the carbon cycle of the whole globe. For several centuries, industrialization and changes in
the landscape have significantly disturbed the natural biogeochemical cycles of carbon and the
nutrients such as nitrogen and phosphorus that regulate biological fixation of carbon. Evaluating
what happened in the past and what may happen in the future requires an understanding of condi-
tions that existed in the past when CO, levels in the atmosphere fluctuated with changes in the ter-
restrial landscape (e.g., the ice age) and in ocean circulation patterns. Development of a knowledge
base for the carbon cycle is a long-term research effort requiring that (1) a variety of recorded his-
torical and contemporary changes in the concentration of atmospheric CO, be understood; (2) the
interactions of fossil fuel emissions, the biosphere, and the ocean with the atmosphere, expressed as
fluxes, be quantified; and (3) models that accurately represent the major fluxes over time be
developed for interpreting the past and predicting the future.

The Global Carbon Cycle Program is responsible for monitoring the progress of DOE-
supported research, identifying needs, and recommending methods for filling those needs. The

"Terrestrial Ecology Section, ESD.

2Aquatic Ecology Section, ESD.

*Science Applications International Corporation, Knoxville, Tennessee.
“Graduate student, University of Tennessee, Knoxville.

*Earth Sciences Section, ESD,
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ORNL staff administers subcontracted research efforts at universities and major research institu-
tions for the development of carbon cycle models and the acquisition of necessary supporting data.
A major activity this past year involved reevaluation of program goals and objectives in light of
publication of a report for the DOE state-of-the-art series on global carbon cycle research (Tra-
balka 1985), with contributions from an international team of authors and reviewers.

The results from both the state-of-the-art review and ongoing studies reinforce the need for a
balanced research perspective and long-term studies to resolve existing carbon cycle questions and
to begin to incorporate potential feedbacks to atmospheric CO, from anticipated climate changes.
Predictions of future atmospheric CO, concentrations under increased loading from fossil fuel emis-
sions and climate changes must be based on carbon cycle models that accurately depict quantitative
rates of carbon exchange among and within the major global reservoirs. As a first approximation in
the validation of models, it should be possible to compute a balanced global carbon budget for the
contemporary period, but to date this has not been achievable. A reduction in the current discrep-
ancy between alternative views of the global cycle by, for example, oceanographers and terrestrial
ecologists, may not be possible without a more basic understanding of fundamental patterns and
processes, the principal obstacle to which is lack of relevant field data (e.g., the natural controls on
terrestrial storage, the role of subfossil pools, and especially the relationship of ocean CO, uptake to
circulation patterns and climate). Symptomatic of the scale of recent ignorance is the discovery in
the past year that the North Pacific Ocean, assumed in most carbon flux computations to be a
large sink for atmospheric CO,, is actually a major global source. This abrupt reversal came about
because of DOE-sponsored sampling during winter (a season heretofore ignored) when the major
degassing events occur.

Other areas also defy adequate representation in predictive models for future CO, levels. Sub-
fossil carbon storage pools in soils, sediments, and peat and the land-ocean interface have been
largely ignored up to now, but appear to be much more significant than formerly thought. Land-use
changes, principally deforestation, contributed to the rise in atmospheric CO, levels, but current
mathematical models of the global carbon cycle cannot accommodate contemporary biospheric
releases in addition to fossil fuel releases. Current models produce estimates of past atmospheric
CO; levels that are inconsistent with the historical record of increases in atmospheric CO,. If we
are unable to correctly represent what is happening today, even on a gross scale, it is illogical to
place much faith in our estimates of future CO, concentrations.

Although the initial focus of the ORNL contributions to the DOE Global Carbon Cycle Pro-
gram was on the terrestrial component of the carbon cycle, there has been expansion of support for
oceanic research, particularly field studies (e.g., collaboration with French scientists on Indian
Ocean studies) and three-dimensional modeling. The continued development of the ORNL program
has involved increased coordination among extramural subcontractors to meet program goals.

Extramural Research

Development of a Three-Dimensional Model of the Natural Carbon Cycle in the Oceans and Its Per-
turbation by Anthropogenic CO, (R. B. Bacastow!)

A model of the carbon cycle in the oceans, based on an ocean general circulation model, has
been developed in collaboration with E. Maier-Reimer of the Max Planck Institute for Meteorology

'Scripps Institute of Oceanography, La Jolla, California.
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in Hamburg, Federal Republic of Germany. The ocean general circulation model employs filtered
equations and runs about an order of magnitude faster than primitive equation models. The carbon
cycle model represents the oceans by 27,218 mixed reservoirs (boxes) arranged in 10 levels. The
depths of the boxes vary from layer to layer so as to give more resolution through the thermocline.
The lowest box in each column extends to the local ocean bottom. Near the equator the horizontal
resolution is ~500 km. The general circulation model provides monthly values of the distribution of
currents, or the current field, but the carbon cycle model at present uses yearly averaged values.
Transport and mixing are provided by the current field of the circulation model, explicit horizontal
diffusivity, a convective adjustment, and the numerical diffusivity caused by the box size. An
atmospheric box exchanges CO,, 4CO,, and *CO, with the surface ocean boxes. Radiocarbon and
the stable isotope !*C are distributed among the atmosphere, ocean, and ocean biota according to
known factors. The ocean biota are assumed to affect ocean chemistry by sinking downward after
death, with subsequent remineralization and dissolution of soft tissue and hard tissue [calcium car-
bonate (CaCO;)] taking place in boxes directly beneath where they are produced. The downward
flux of soft tissue from the surface box is modeled as dependent on a latitudinal factor and the
phosphate concentration. The downward flux of hard tissue is taken to be a fraction of surface pro-
duction. Remineralization of the soft tissue flux is prescribed by selecting values for the fraction of
the downward flux of soft tissue that is returned to solution in the K'-level box. These values have
been set in such.a way that the exponential penetration depth below the surface box is 700 m. Dis-
solution of hard tissue is similarly prescribed. Surface boxes are assumed to be 3% supersaturated
with oxygen, and remineralization of soft tissue is accompanied by a reduction in the oxygen con-
centration. If there is not sufficient oxygen, remineralization is suppressed.

A comparison of model results with observational data shows many similarities. The 4C age of
the deep water is now almost correct. The main discrepancies between model distributions and
observed distributions seem to be related to the thermohaline circulation, which is probably still not
quite right. Two versions of the circulation-based model take up fossil fuel CO, less readily than
extant box-diffusion models.

The Effect of Pressure on Aragonite Dissolution Rates in Seawater (J. G. Acker,! R. H. Byrne,!
S. Ben-Yaakov,2R. A. Feely,? and P. R. Betzer®)

The oceans play an important role in the absorption and neutralization of atmospheric CO,.
One of the primary mechanisms by which neutralization takes place is the dissolution of calcium
carbonate (CaCO;). Sea-floor carbonate sediments constitute a reservoir that is sufficient to neu-
tralize the anticipated increase in atmospheric CO, due to anthropogenic input, although the rate of
neutralization will determine whether the peak atmospheric CO, content reaches values that are
300% greater or only 40% greater than preindustrial values. Since most of the carbonate sediments
susceptible to dissolution are found at great depths in the ocean, it is important to accurately assess
the kinetics of the CaCO; dissolution process for the global setting in which much of the dissolution
will take place.

'University of South Florida, Tampa.
Ben Gurion University, Israel.
*Pacific Maride Environmental Laboratory, National Oceanic and Atmospheric Administration, Seattle, Washington.
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A major area of uncertainty in modeling the neutralization of atmospheric CO, by the oceans
is the functional dependence of the CaCO; dissolution rate on the degree of seawater undersatura-
tion.

The dependence of carbonate saturation on pressure causes the various equations employed to
differ substantially in their predictions of CaCOjs dissolution in the oceans. Saturation concentration
increases by a factor of ~2 between the surface ocean and 6000-m depths. Consequently, the disso-
lution rate at a depth of 6000 m could be ~4 times greater than a corresponding rate measured at
atmospheric pressure.

We performed CaCOj; dissolution experiments under low-temperature, high-pressure condi-
tions, which simulate the deep-ocean environment. Our experiments made use of freshly collected
pteropod shells, which are composed of aragonite, and samples of natural seawater from various
depths between 100 and 5000 m. The pteropod shells were obtained from free-floating sediment
traps, and the seawater samples were obtained by hydrocasts. Each of our shipboard dissolution
experiments was performed on pteropod shells and seawater containing phenol red (8 X 107 M)
placed in a variable-path-length spectrophotometric cell that could be pressurized. Our results
showed that aragonite dissolution in seawater at variable pressure could be well described quantita-
tively.

Assessment of Seasonal and Geographic Variability in CO, Sinks and Sources in the Ocean
(T. Takahashi')

An observational program on the seasonal and geographic variability in the CO, sinks and
sources in the ocean is critical to our understanding of the role of the ocean in the global CO,
cycle. In the past 2 years, we have investigated the seasonal variability in the carbon and nutrient
chemistry of the North Pacific surface water. The measurements made during six trans-Pacific
crossings, between November 1984 and February 1986, include the partial pressure of CO, (pCO;)
in surface water and in air, the concentrations of total CO, and phosphate dissolved in surface
water, temperature, and salinity.

The North Pacific Ocean north of about 40°N is a net source for atmospheric CO, and exhi-
bits a large seasonal variation in carbon chemistry. During the winter, the surface water has high
concentrations of total CO, and phosphate and also exhibits high pCO, values (and is therefore a
strong CO; source), although the water is colder. The situation is reversed in the summer: the water
has much lower pCO, values when it is warmer and becomes a weak CO, sink. The high winter
values are attributed to upwelling of subsurface water rich in CO, and nutrients, whereas the low
summer values are due mainly to the photosynthetic utilization of CO,. Since this high-latitude oce-
anic CO; source is attributed to the cooling of surface water and the resulting deep convective mix-
ing in the winter, its intensity should be reduced by CO,-induced climatic warming. Under such a
condition, the high-latitude oceans would be expected to provide a negative feedback in the
COs-ocean-climate system.

The uptake flux of CO, by the global oceans has been estimated, using the available pCO,
data and the gas transfer coefficient, which is taken to be proportional to wind speed. It was found
that the net oceanic uptake flux is ~2.6 Gt of carbon per year, which corresponds to ~50% of the

"Lamont-Doherty Geological Observatory of Columbia University, Palisades, New York.
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current industrial CO, emission rate. Among the oceanic CO; sources, the equatorial belt and the
high-latitude North Pacific represent, respectively, 65 and 15% of the total source flux. The sub-
Antarctic and Antarctic waters and the high-latitude North Atlantic are the major oceanic CO,
sinks, each representing 40, 30, and 13% of the total uptake flux. :

The Role of Tropical Forests in the Global Carbon Cycle (S. Brown! and A. E. Lugo?)

This research project is designed to fill important gaps in the data base on tropical forests and
thus improve (1) modeling efforts related to the role of tropical forests in the global carbon cycle
and (2) historical reconstructions of tropical land use and carbon stocks. The project seeks to esti-
mate the rates of decomposition of woody debris in disturbed tropical forests and to determine
expansion factors for converting tropical forest volume data to carbon standing stocks.

In 1986 samples of woody debris were collected from four life zones (tropical dry, moist, moist
transition to dry, and rain forest) in Dominica and Venezuela. Samples of decomposed and fresh
wood were obtained for 20 species of trees, ranging in age from 1 to 20 years, from 5 life zones.
The rates of decomposition for 11 tree species were determined based on 4 diameter size classes
(spanning 10 to >40 cm in size). We obtained an extensive data set that gives detailed information
on individual trees in 25 0.25-ha plots in late secondary and primary forests in 5 life zones in
Venezuela: tropical very dry, dry, moist, lower montane moist, and wet forest. To convert forest
stand data to carbon estimates, we compiled an extensive list of specific gravities for tropical Amer-
ican trees and developed a new set of biomass regression equations. Thirteen equations calculate
total aboveground biomass based on a combination of tree height, diameter at breast height, and
specific gravity for a single life zone or combinations of life zones.

The average decomposition coefficients of woody debris, grouped across five life zones and
eight species, are 0.063/year for wood <30 cm in diameter (branches) and 0.033/year for wood
>30 cm (boles). Expressed on the basis of the time required for 99% of the wood to decompose,
these coefficients translate into about 70 to 80 years for small size classes and 100 to 200 years for
large size classes. For woody debris in pastures in a wet forest life zone, these times are reduced by
a factor of ~3, regardless of species and diameter. These decomposition rates are almost a magni-
tude lower than those reported in the literature for tropical forests. They have important implica-
tions for terrestrial carbon models of land-use changes in the tropics, which produce significant
quantities of woody debris (e.g., logging), because they suggest that carbon release from this com-
ponent may be slower than previously modeled.

Comparison of Pre- and Post-Atomic-Bomb Radiocarbon in Soils (J. W. C. White* and W. S.
Broecker?)

The soil carbon cycle is a potentially important, but as yet poorly quantified, component of the
global carbon budget. Constraints on the time scales of carbon cycling between the atmosphere, bio-
sphere, and soil reservoirs are provided by comparing the distribution of ¥C in pre- and post-
atomic-bomb soils and soil organic matter fractions. Soil carbon is a complex mixture of compounds

'University of Illinois, Urbana.
*Center for Energy and Environment Rescarch, Puerto Rico.
SLamont-Doherty Geological Observatory of Columbia University, Palisades, New York.
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which accumulate and decay at different rates. In order to-assess what portion of the soil reservoir
can affect atmospheric CO, on short time scales most relevant to present concerns over anthropo-
genic changes, it is necessary to separate those portions which are old and stable from those which
are young and labile.

Our work of the past 2 years has resulted in the development of a method which consistently
separates soil organic matter into fractions with different mean residence times. In all, four differ-
ent fractionation schemes have been tested using five sets of pre- and post-atomic-bomb soil pairs.
We have settled on a combination of fractionation by density and acid hydrolysis as the best proce-
dure. This fractionation scheme has been applied to study the carbon cycling in soils from a well-
documented site in the San Dimas Experimental Forest in California. A preliminary model of soil
carbon dynamics has been developed based on the most extensive set of soil samples analyzed to
date.

The Role of CaCO3; Compensation in the Glacial-to-Interglacial Change in Atmospheric CO, Content
(W. S. Broecker! and T.-H. Peng)

The only viable explanations put forth to date for the glacial-to-interglacial change in atmos-
pheric CO, content suggested by the measurements of the CO, content of gas extracted from ice
cores involve changes in the ocean’s nutrient cycles. Any nutrient change capable of producing the
quantitative changes in atmospheric CO, pressure suggested by the ice core results would also pro-
duce significant changes in the deep ocean’s COZ~ content. These CO3™ changes are compensated
on the time scale of a few thousand years by reductions or increases in the amount of CaCO; accu-
mulating in deep sea sediments. Modeling of ocean-atmosphere interactions show that this compen-
sation process has two important consequences. First, it roughly doubles the magnitude of the CO,
change per unit of nutrient forcing. Second, it causes a delay in the change in atmospheric CO,
content. While the first of these consequences is a boon to those seeking to explain the CO, change,
the second may prove to be a curse. The ice core CO, record shows no evidence of a significant lag
between the CO, response and the polar warming. It is important that we improve our knowledge
of the magnitude and timing of the CaCO; preservation event, which marked the close of glacial
time, and of the dissolution event, which marks its onset.

The Role of Ocean CO; Sources and Sinks in the Southern Hemisphere: Data Analysis and Modeling
(M. A. Palecki?and R. G. Barry?)

What is the role of the Southern Hemisphere oceans in seasonal and interannual CO, varia-
tions, and how would the CO, uptake rate change in a warmer ocean? Given that CO, doubling in
air will raise global temperatures ~3-4 K and eventually raise the temperature of the ocean mixed
layer, this might slow the CO, uptake by the global ocean, leading to a positive feedback effect
with further atmospheric warming.

The rates of CO, change in the air at 13 stations from 20°N to 90°S for periods of 6 to 27
years were cross-correlated with atmospheric and ocean variables—Iland surface air temperature,
sea surface temperature (SST), sea surface exchange velocity, and the extent of sea ice around
Antarctica—to examine the relationships on seasonal-to-interannual time scales. The results con-

!Lamont-Doherty Geological Observatory of Columbia University, Palisades, New York.
¥University of Colorado, Boulder.
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firm the well-established relationship between the Southern Oscillation Index and CO, measure-
ments, but leave open the cause. High-latitude anomalies of temperature and wind velocity have
been proposed as causes, but the data show only weak support. Large positive correlations between
CO; change and SST at 20-40°S are restricted to the central Indian Ocean. Correlations with
exchange velocities in the southern temperate zone are stronger, but involve a 5-month lag. Sea ice
extent shows no effect, except perhaps locally at the antarctic coast. The eastern equatorial Pacific
Ocean SST is well correlated with CO, change. The CO, is driven from the water as temperatures
rise, but changes in marine biota off Peru may be more important than temperature.

A model which successfully simulates seasonal CO, cycles was perturbed by varying zonal SST
or winds. Unrealistically large variations are needed to obtain CO, anomalies that compare in mag-
nitude (but not timing) with those observed. Oceanic changes affecting CO, sources and sinks
explain <33% of the observed weak CO, anomalies related to El Nino—-Southern Oscillation events.

There was unexpected evidence of terrestrial biosphere effects: land surface air temperatures
affecting tropical rain forest areas of South Asia, South America, and central Africa showed strong
positive correlations with CO, change with short lag times. This implies that increased plant respi-
ration and litter decay in response to higher temperatures outweigh carbon fixation by vegetation.
These results point to the terrestrial biosphere as a major factor controlling the observed interan-
nual CO; anomalies. Positive feedback to CO, levels in the atmosphere could be important over the
decades needed to reduce litter stockpiles and equilibrate production and decay in a warmer cli-
mate.

Increase of Total CO, in the World Oceans (C.-T. A. Chen!)

This project collects carbonate data from the oceans to develop an understanding of the sea-
sonal and interannual variations in the oceanic carbon cycle and the feedback mechanisms in the
regions where subsurface water is formed in order to quantify oceanic penetration of excess CO,.
The current investigation of the carbonate chemistry of the three major oceans and the Bering,
Red, and Weddell seas has achieved the following.

Evaluations of seasonal, cross-frontal and cross-ice-edge variations in carbonate chemistry in
the Bering and Weddell seas, in the Indian Ocean, and in the northern North Atlantic Ocean
showed that conservative mixing dominates the distribution of chemicals. The Weddell Sea pack ice
was found to contain high concentrations of calcium and high alkalinity. The Weddell Sea ice
blocks the air-sea exchange of gases, whereas the Bering Sea ice does not. The winter values for
oxygen, carbonates, and nutrients deviate significantly from the summer values when data from the
same region are compared. The difference is much smaller, however, when data at the same
temperature are compared.

The penetration depth of the excess anthropogenic CO, in the Atlantic and Pacific oceans was
estimated, with excellent qualitative and quantitative correlations being found between the excess
CO; results and transient tracer data (tritium, *C, Freons). The calculations show that penetration
depth is strongly related to circulation. The shallowest penetration is <300 m in the eastern equato-
rial region where upwelling prevails, and the deepest penetration is deeper than 2000 m off Japan
at an intersection of the Oyashio and Kuroshio currents. Overall, the North Pacific contains 14.7 +
4 X 10 g excess carbon. The total inventory of excess CO, in all oceans is being integrated. Such

'Oregon State University, Corvallis.
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an ocean-by-ocean inventory of excess CO, is important, since the assessment of the function of the
oceans in the carbon cycle requires spatial resolution within individual oceans. The globally aggre-
gated models do not yet have adequate resolution to discern the functional relationships that are
needed to adequately assess the carbon cycle and changes in it due to CO,-induced climate change.

Study of CO, Source and Sink Distributions with a Three-Dimensional Model (I. Y.-S. Fung!)

Detailed measurements at several stations around the world (e.g., Mauna Loa in Hawaii and
the South Pole) have shown marked seasonal and interannual variations in CO, abundance in the
atmosphere. It is important for global carbon cycle research to investigate the potential information
about CO, sources and sinks contained in such temporal and geographic variations. The purpose of
this project is to compute the global distribution of atmospheric CO, for specified sources and sinks,
using a three-dimensional model (the Goddard Institute for Space Studies three-dimensional atmos-
pheric tracer transport model). _

We have examined the seasonal perturbations of the terrestrial ecosystem as regulators of the
major sources and sinks of CO, through satellites and surface air temperatures. Carbon dioxide
absorption occurs in green leaves of plants where intercepted photosynthetically active radiation
(IPAR) (0.4-0.7 pm) is absorbed by photosynthetic pigments. Polar-orbiting meteorological satel-
lites of the National Oceanic and Atmospheric Administration use an advanced very-high-resolution
radiometer (AVHRR) sensor to collect global radiation data at a 4-km spatial resolution. Estimates
of IPAR absorbed by terrestrial vegetation obtained from satellite AVHRR data correlate with
atmospheric CO, concentrations measured at surface recording stations, suggesting that satellite
data can be used to quantitatively estimate seasonal and regional changes in CO, sources and sinks
due to terrestrial photosynthesis. The magnitudes of response of atmospheric CO, to natural varia-
tions of components of CO, sources and sinks resolved with satellite data (e.g., variations due to the
1982-1983 El Nino—Southern Oscillation event) are being estimated.

Intramural Research

Sensitivity and Uncertainty Analysis of a Model of Forest Development (V. H. Dale, H. 1. Jager,
and R. H. Gardner)

A model of forest development is being used to estimate the influences of natural and anthro-
pogenic disturbances on forest dynamics, including the effects of climate change and increasing lev-
els of CO,. Sources of error in the predictions of this model have been explored, using sensitivity
and uncertainty analyses. Errors can occur as a result of the structure of the model, the sensitivity
of the parameters, and/or an inadequate representation of the natural variability of the system.

The first steps in the sensitivity and uncertainty analysis of the forest growth model have been
completed. The analytical sensitivity analysis takes advantage of the modular structure of the forest
model by considering the sensitivities of the optimal growth module independent of other subcom-
ponents of the model. Optimal tree growth in the model is most sensitive to the maximum diameter
for a species. Future steps include identifying the sensitivities of the realized growth of trees by
examining the effects of light, soil moisture, competition, temperature, and nutrient conditions.

"Lamont-Doherty Geological Observatory of Columbia University, Palisades, New York.
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Examination of errors in the representation of the natural variability in the system focuses on
spatial heterogeneity. The greatest sources of aggregation errors are found in those forest types
which have the highest projected volume of aboveground stem wood per area and which cover the
greatest land area. Model projections of aboveground stem wood volume for a county after 25 years
of stand development fall within 80% overlap of the mean and variance of the measured volume.

Modeling the Seasonality of Terrestrial Contributions to Atmospheric CO, (D. L. DeAngelis and
A. W. King)

Ecological models of the seasonal exchange of CO, between the atmosphere and the terrestrial
biosphere are needed to help interpret and understand the current changes in atmospheric CO; con-
centration and to make predictions concerning long-term changes in the future. In response to this
need, a set of site-specific models of seasonal terrestrial carbon dynamics was assembled from
open-literature sources. Nine are models of natural ecosystems, and the tenth is a simulation of an
agricultural system. The collection was used as a basis for the development of biome-level models of
the earth’s principal terrestrial biomes, or vegetation complexes. The primary difficulty associated
with this approach is the problem of extrapolating the site-specific models across large regions hav-
ing considerable biotic, climatic, and edaphic heterogeneity. Two methods of extrapolation were
tested.

The first approach—a simple extrapolation that assumed relative within-biome
homogeneity—generated CO, source functions that differed dramatically from published estimates
of CO; exchange. The differences were so great that this simple extrapolation was rejected.

The second extrapolation explicitly incorporated within-biome variability in the abiotic vari-
ables that drive seasonal biosphere-atmospheric CO, exchange. Simulated site-specific CO, dynam-
ics were treated as a function of multiple random variables (i.e., the model-driving variables). The
predicted regional CO, exchange is the computed value of the simulated site-specific exchanges
expected for that region times the area of the region. The extrapolation was tested for the cir-
cumglobal latitude belt between 64°N and 90°N. The test involved the regional extrapolation of a
tundra and a coniferous forest carbon exchange model. Comparisons between the CO, exchange
estimated by extrapolation and the published estimates of regional exchange for the latitude belt
support the appropriateness of the extrapolation technique used. Extrapolation by mathematical
expectation is a promising technique for extrapolating from site-specific models to regional and
biome-level models.

CO; Enrichment and Mineral Natrition of White Oaks (R. J. Norby, E. G. O’Neill, and R. J. Lux-
moore)

The prominent role of forests in global photosynthesis suggests that an increase in carbon
uptake and storage by forest vegetation could lower the airborne fraction of CO, from fossil fuel
emissions. However, there is uncertainty as to whether the growth response to CO, enrichment of
forest trees in infertile habitats will be similar to that observed in plants well supplied with
nutrients. We have used controlled-environment chambers with regulated CO, atmospheres to test
the hypothesis that plants, in this case white oak (Quercus alba L.) seedlings, grown under elevated
levels of CO, will be able to acquire more mineral nutrients from the soil and thereby alleviate
nutrient limitations to COj-induced growth enhancement. One-year-old, dormant seedlings were
planted in pots containing a nutrient-poor forest soil and were grown without added fertilizer in
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growth chambers in which the atmospheric concentration of CO, was maintained at near-ambient
levels (362 uL/L) or at 690 pL/L. Growth, water use, and nutrient uptake were measured over 40
weeks,

The seedlings in both treatments became severely nitrogen deficient, and many leaves senesced
and abscised. Nevertheless, growth was substantially enhanced in response to CO, enrichment.
Plants grown in elevated CO, were 85% greater in dry weight than those grown in ambient CO,,
with the greatest increases occurring in fine roots and tap roots. The uptake of most nutrients
increased with increases in CO, concentration, and phosphorus and potassium uptake increased in
proportion to growth. The total uptake of nitrogen, sulfur, and boron, however, was not affected by
CO,; therefore, tissue concentrations of these nutrients were significantly lower in plants grown in
elevated CO,. An increase in nutrient-use efficiency with respect to nitrogen was apparent in that
greater proportions of the limited nitrogen pool in the CO,-enriched plants were in metabolically
active tissue (fine roots and leaves) and lesser proportions were in storage tissue and abscised
leaves.

The results demonstrate that a short-term growth response to CO, enrichment is possible in
nutrient-limited systems, and that the mechanisms of response may include either increased nutrient
availability in soil and uptake by roots or increased metabolic or physiological efficiency of nutrient
use within the plant. However, a consequence of the increased nitrogen-use efficiency and greater
wood production in COy-enriched plants was a lower amount of translocatable nitrogen in perennial
woody tissue. Unless CO, enrichment increases the uptake of nitrogen from soil, the total amount
of nitrogen available for new growth would be less in elevated than in ambient CO,, and the growth
response to CO, enrichment would be expected eventually to decline from what was observed in our
relatively short-term experiment.

Changing Carbon Storage and Carbon:Nitrogen Ratios in Cultivated Soil (W. M. Post and L. K.
Mann)

The interaction of nutrient availability, biomass production, and changes in carbon storage and
release in soils under agricultural production remains under investigation. Compilation of previously
published data indicated two major trends: (1) carbon loss from soil as a result of agricultural prac-
tices is related to the initial carbon concentration (i.e., soils high in carbon lose large amounts of
carbon, whereas soils initially low in carbon tend to gain small amounts), and (2) most agricultural
soils lose <20%, or 1 to 3 kg/m? of their original carbon. The suitability of using these results to
estimate carbon losses over large regions was enhanced by adding data from the Soil Conservation
Service. These data were collected to a depth of 100 cm and thus provided better estimates of car-
bon changes in the biologically active part of the profile. In addition, many samples included bulk
density measures. Although some agricultural soils remained underrepresented, these data covered a
greater spectrum of soil groups than previously analyzed.

After cultivation, all soil suborders with at least three pairs of samples (except Orthids and
Ochrepts) averaged less carbon storage to a depth of 100 cm than before cultivation. However,
differences were significant in only 4 of the 13 suborders because of high sample variability. For the
combined data source, regression relationships of average suborder carbon storage to 100 cm in cul-
tivated soil as a function of carbon storage in uncultivated soil was as follows: cultivated soil carbon
(kg/m?) = 0.85 + 0.80 X uncultivated soil carbon (kg/m?) (r> = 0.96). This regression indicated
that the maximum average losses of carbon were 20%, with slight gains in carbon at initial values
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of <4 kg/m?>. The average losses were 0.5 to 2.0 kg/m? from most agricultural soils, which had an
initial carbon content of 5 to 15 kg/m%

Analysis of nitrogen change in relation to carbon change in the previously published paired-plot
comparisons demonstrated similar behavior of nitrogen and carbon. Approximately 50% of the sam-
ples that lost carbon also lost nitrogen, and an additional 10% of the samples gained both carbon
and nitrogen. However, ~20% of the samples either lost carbon and gained nitrogen or gained car-
bon and lost nitrogen. We had initially hypothesized that changes in carbon and nitrogen would be
closely linked, but these results make the relationships between these elements unclear in agricul-
tural systems. Most samples showed a decrease in carbon:nitrogen ratios, but the overall pattern of
changes in carbon:nitrogen ratios was similar to that of carbon and nitrogen considered separately:
initially high carbon:nitrogen ratios tended to decrease, and initially low carbon:nitrogen ratios
increased. Within the two groups represented by the largest number of samples (Alfisols and Mol-
lisols) different behavior of carbon:nitrogen ratios was observed: Mollisols showed very little change
in carbon:nitrogen ratios, whereas the carbon:nitrogen ratios decreased in Alfisols.

Seasonal Variability of pCO; in the Northern Atlantic Surface Water (T.-H. Peng)

The high-latitude northern ocean is one of the most critical areas for ventilation of the global
deep oceans. In the Norwegian, Greenland, and Iceland seas, the surface water, which has
exchanged O,, heat, and CO, with the atmosphere, sinks during the winter cooling and flows south-
ward into the Atlantic where it is joined by the newly ventilated Labrador Sea water to form the
saline North Atlantic Deep Water. Thus, the ventilation processes occurring over the high-latitude
North Atlantic waters provide a direct transport pathway between the atmosphere and the deep
oceans of the world.

The pCO, in the surface waters of the Iceland, Greenland, Norwegian, and Labrador seas and
the North Atlantic Ocean was measured during the 1957 International Geophysical Year (IGY),
the 1972 Geochemical Ocean Sections Study (GEOSECS), and the 1981 Transient Tracers in the
Ocean/National Academy of Sciences (TTO/NAS) expeditions. These measurements were made
mostly during the summer months. The results indicated that the surface waters had substantiaily
lower pCO, values than the atmosphere, and hence were strong sinks for atmospheric CO,. How-
ever, using the total CO,:0, and alkalinity:O, ratios for the deep water, it was estimated that the
initial pCO, in seawater at the time of atmospheric exposure of subsurface waters in the winter
must have been ~1.50 Pa greater than the values observed during the summer months at the
corresponding temperatures. This suggests that this region of the northern ocean is a weak sink or
even a mild source. It is clear that seasonality plays an important role in determining the sink or
source of CO, in this high-latitude region, which is the site of formation of the major deep waters
of the world ocean.

The seasonal variation in the temperature, salinity, mixed-layer depth, and pCO, in seawater
and in the concentrations of total CO,, O,, and nutrients in surface water at a station located ~193
km south of the Iceland-Greenland sill was monitored during a 2-year period (March 1983 through
May 1985) by a cooperative program between the Marine Research Institute of Reykjavik, Iceland,
and the Lamont-Doherty Geological Observatory of Columbia University. It was observed that dur-
ing the summer the pCO, and the concentrations of total CO, and nutrients in surface water were
at their annual lows, whereas O, was at its annual high. This situation was reversed during the win-
ter. The seasonal variation is attributed mainly to the high photosynthetic utilization rate of carbon
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and nutrients in a strongly stratified and shallow mixed layer during the summer. The winter obser-
vations are attributed to the upward transport, through deep convective mixing, of deep water that
is rich in CO, and nutrients released by oxidative decomposition of organic matter.

A vertically one-dimensional, two-box ocean model has been constructed to simulate the
observed seasonal variations. In this model, the ocean is divided into an upper mixed layer and a
deep-water layer, with the former exchanging CO, and O, with the atmosphere. The water mixing
between' the two boxes is assumed to occur as their boundary is seasonally displaced up and down.
Photosynthetic products are characterized by a fixed P:N:C:0, stoichiometric ratio. They fall into
the deep-water box where the nutrients are then released by oxidative decomposition. It is shown
that the model yields the seasonal variation in carbon and O, values consistent with the observa-
tions.

References

Trabalka, J. R. (ed.) 1985. Atmospheric carbon dioxide and the global carbon cycle.
DOE/ER-0239. U.S. Department of Energy, Washington, D.C.
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7. CARBON DIOXIDE INFORMATION CENTER

M. P. Farrell
J. B. Anderson! D. E. Fowler D. B. Miller? S. L. Schuhardt?
T. A. Boden H. Hattemer-Frey® E. E. Mitchell* P. N. Spring?
P. F. Carfagna® V. N. Joyce T. R. Nelson® D. M. Stokes
R. M. Cushman P. C. Kitchin F. M. O’Hara® C. E. Todeschini’
R. M. Eller? R. E. Millemann S. E. Reynolds*  T. W. White
Introduction

The objective of the Carbon Dioxide Information Center (CDIC) is to compile, evaluate, and
distribute CO,-related information in support of the U.S. Department of Energy’s Carbon Dioxide
Research Division (CDRD). To accomplish this objective, CDIC identifies researchers’ needs for
data and computer hardware, software, and languages; obtains, evaluates, and ensures the quality of
information; and works with other national and international data centers as well as individual
researchers to promote and facilitate the exchange of data.

CDIC has two types of functions: (1) analyses of data and other types of information and (2)
distribution of CO,-related information. For the first function, CDIC evaluates and ensures the
accuracy of many types of information, including numeric data and computer models. CDIC also
engages in studies such as estimating the effects of a rise in sea level on coastal resources and
evaluating the use of sound to analyze multivariate data.

For the second function, CDIC serves as CDRD’s information distribution center. In 1986
CDIC received 2200 requests for different types of information. In response to many of these
requests, 5575 reports and 504 numeric data and computer model packages were distributed. In
addition, 13 searches of CDIC’s Bibliographic Information System (a computerized bibliography on
CO,) were performed, requiring the evaluation of 3000 references. As an additional service for
CDRD, CDIC maintains a directory that lists ~3100 researchers and policy makers from 150
countries.

Many of CDIC’s activities continue from year to year—for example, evaluating and packaging
numeric data and computer models, expanding the Bibliographic Information System, and examin-
ing the effects on resources of a change in the concentrations of atmospheric CO,. CDIC also works
on special projects for CDRD. (A special project is one in which CDIC helps develop the ground-
work.) One project that began in 1985 and continued through 1986 was a collaborative research
project with the People’s Republic of China and the U.S. Department of Energy (DOE). CDIC
developed and implemented a computer system for facilitating the exchange of >64 million data
elements and has provided continuing technical personnel support for the research. Another project

Visiting staff, Science Teachers’ Research Involvement for Vital Education Program, Oak Ridge Associated Universi-
ties. .

20ak Ridge Associated Universities undergraduate research intern.

3Graduate student, Miami University, Oxford, Ohio.

“University of Tennessee, Knoxville.

’Computing and Telecommunications Division, ORNL.

$Subcontractor.

"Visiting scientist, International Atomic Energy Agency, Vienna.
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in 1986 was developing the initial draft plan for one of CDRD’s new program areas, Resource
Analysis. The objective of this program area is to direct research that will enable CDRD to develop
policy options to enhance or lessen the effects of atmospheric CO, on resources. The research iden-
tified in this plan will support CDRD’s program objective of quantifying the effects of increased
atmospheric CO, concentrations and CO,-induced climate changes on climate systems, agroecosys-
tems, energy systems, and resources important to mankind.

The following sections discuss many of CDIC’s activities during FY 1986.

Data and Information Analyses

Numeric Data and Computer Model Packages

CDIC increased its numeric data package (NDP) and computer model package (CMP) total to
22 by assembling 4 NDPs and 1 CMP during FY 1986. Packages consist of an abstract; a data list-
ing; a magnetic tape, floppy disk, or microfiche; a data retrieval program; graphical displays of the
data (NDPs only); and pertinent literature. As a part of packaging activities, a CDIC staff member
wrote a paper identifying the criteria that will henceforth be followed when selecting numeric data
bases for packaging. The criteria will also be used to determine a priority list for future packaging
activities.

The four NDPs are Worldwide Organic Soil Carbon and Nitrogen Data (NDP-018); United
States Historical Climatology Network (HCN) Serial Temperature and Precipitation Data (NDP-
019); Atmospheric CO, Concentrations—Mauna Loa Observatory, Hawaii, 1958-1986 (NDP-
001/R1); and Transient Tracers in the Oceans (TTO)—Hydrographic Data and Carbon Dioxide
Systems with Revised Carbon Chemistry Data (NDP-004/R1).

The CMP is an IBM PC (personal computer) version of the IEA/ORAU [Institute for Energy
Analysis/Oak Ridge Associated Universities] Long-Term Global Energy—CO, Model. This model
contains the computer code for making projections about many aspects of global energy and CO,
emissions at 25-year intervals from 1975 to 2100. CDIC also evaluated the ARTUS [Arctic Tundra
Simulator]-CO, Model (produced at San Diego State University) and the GLYCIM Model (a crop
simulator model produced at Mississippi State University) for their potential as CMPs.

Global Climate—Resource Studies

CDIC is developing methods for, and participating in, studies of present and future global cli-
mate patterns and regional analyses of the effects of climate change on world resources. At the
Joint Meeting of the European Geophysical Society and the European Seismological Commission
(Kiel, Federal Republic of Germany, August 1986), a CDIC staff member presented a paper titled
“Climate Predictions and Regional Resource Analysis,” in which the relationship between general
circulation model (GCM) grid cell size and resource heterogeneity was examined. CDIC’s work
with GCMs has included (1) preparing maps of four GCM grids (Goddard Institute for Space Stu-
dies, National Center for Atmospheric Research/Geophysical Fluids Dynamics Laboratory, Oregon
State University, United Kingdom Meteorology Office) and a 0.5° X 0.5° grid superimposed on
nine resources (yield of corn, wheat, sorghum, and soybeans; population density and percent of pop-
ulation at least 65 years old; percent of forest cover; percent of land irrigated; water resource
region) for the United States (Fig. 7.1); (2) collecting the output from four GCMs (Goddard Insti-
tute for Space Studies, National Center for Atmospheric Research, Geophysical Fluids Dynamics
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Laboratory, Oregon State University/Lawrence Livermore National Laboratory) and distributing it
to the intercomparison working group (Lawrence Livermore National Laboratory, Atmospheric and
Environmental Research, State University of New York at Stony Brook); and (3) producing a
county-level approximation of the Goddard Institute for Space Studies GCM grid and demonstrat-
ing the usefulness of this approximation by using GEOECOLOGY county-level crop data and
climate-yield regressions to predict changes in U.S. soybean production under the doubled-CO, cli-
mate scenario of the Goddard Institute of Space Studies GCM.

On another project, CDIC has been studying resources at risk from a possible rise in sea level.
A data base of multisector environmental data integrated with topographic data is being developed
to permit such an analysis. Also, CDIC is coordinating a related study (with the Geographics Data
Systems Group of the Computing and Telecommunications Division, Oak Ridge National Labora-
tory) to calculate and map, on a global basis, the land and other natural and physical resources that
could be flooded by a specified sea level rise of up to 10 m. The applicability of a global topo-
graphic data base that is needed for this study has already been tested by validation in Connecticut.

Music Analysis

The impetus for this research project stemmed from a Science News article titled “The Sound of
Data” (Peterson 1985), which discussed the use of computer-generated sound to analyze data. This
novel approach is based on the premise that individuals can hear differences in data patterns more
readily than they can perceive these differences through visual representations (such as graphs or
charts). Thus, converting data into sound offers a unique and possibly better way of analyzing some
types of data. In addition, sound can be used as an exploratory tool to discern patterns, which can
then be tested by traditional time series statistical models.

CDIC developed a research plan for using computer-generated sound to analyze long-term cli-
mate data. To begin the project, CDIC purchased sound-generating equipment that could use com-
plex audio signals to analyze multivariate data (Fig. 7.2):

® two Yamaha FM tone generators (nonkeyboard synthesizers)

* one Yamaha MIDI (musical instrument digital interface) expander, which allows the computer
to communicate with both synthesizers at the same time

® one Yamaha 6-input, 2-output dead mixer, which allows output from both synthesizers to be
combined into one amplifier

¢ one IBM PC MIDI interface

® one Luxman L-400 55-watt amplifier

¢ one Nakamichi BX-300 cassette deck

¢ two pairs of Stax SR-30 headphones with associated preamplifier

¢ one pair of KEF C-60 speakers

Two computer programs were developed: one program allows the IBM PC computer to commu-
nicate with and control the synthesizers, and the other program is used to convert climatic data into
musical notes.

A ORI N SR il R
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Several data sets were converted into sound, and CDIC began using sound to explore three tem-
perature data sets. CDIC also investigated how changes in pitch, tempo, instrument, and timbre
affect one’s ability to hear similarities or differences in data patterns.

Climatic Indices

CDIC is in the process of publishing An Annotated Inventory of Climatic Indices and Data Sets
as a CDRD technical report. The publication describes 34 prominent climatic indices and provides
an annotated listing and bibliography of other indices. The objective of the publication was to pres-
ent indices that would be useful to scientists working in diverse areas of CO,-climate research and
to those interested in climate research results for other applied studies. The indices are grouped into
ten subject categories: (1) Global/Hemispheric Data Sets (monitoring a climatic variable for one or
both hemispheres); (2) Marine Data Sets (sea surface temperature, marine air temperature, and
global sea level indices); (3) Long-Term Regional and Local Temperature and Precipitation Data
Sets (indices with more than 25 years of data for cities, states, countries, and continents); (4)
Atmospheric Constituents Data Sets (describing the climatic effects caused by the presence of vol-
canic dust, carbor dioxide, and trace gases in the atmosphere); (5) Upper Air Data Sets (monitor-
ing wind patterns, outgoing long-wave radiation, stratospheric and tropospheric temperatures, and
circulation patterns); (6) Southern Oscillation—El Nino Data Sets (describing the Southern Oscilla-
tion and El Nino phenomena and related phenomena, such as seasonal changes in atmospheric pres-
sure and equatorial sea surface temperatures); (7) Solar Data Sets (indices that describe the cli-
matic changes associated with variations in the sun’s‘structure and radiant flux); (8) Proxy Data
Sets (derived by means other than direct measurement, such as the use of tree-ring measurements
to reconstruct climatic changes that occurred before instrumental measurements were taken); (9)
Lake Levels and River Flows Data Sets (describing climatic variations associated with fluctuations
in the levels of African lakes, the Great Salt Lake, the Great Lakes, and the Nile River); and (10)
Snowcover and Sea Ice Extent Data Sets (monitoring variations in the amount of arctic and antarc-
tic snow cover and sea ice).

For each index, information is provided on primary references, application, background, calcula-
tion, temporal and spatial resolution, units of measurement, period of record, reliability, compari-
sons with other indices, sponsors, availability of data, and additional references. This collection of
indices is not an all-inclusive inventory; it is intended as a first attempt at providing a climate
indices reference publication for CO,-climate researchers. CDIC hopes to have it continuously
updated as more information becomes available.

Information Distribution
Request and Response Records System

The Request and Response Records System is used by CDIC to record and track all requests
for information. The 2200 requests received at CDIC in FY 1986 were an increase of more than
150% over those received in FY 1985. Almost all types of information distribution activities
increased, including the distribution of DOE technical reports, CDIC reports, miscellaneous articles,
and numeric data and computer model packages. In response to many of these requests, 5575
reports were distributed. This increase is largely accounted for by the distribution of CDRD’s
state-of-the-art reports, which explain past and current CQ, research as well as provide information




e o~ - s

vk it e b Lt

L P TS 1)

Section 7 82 ORNL-6327

about what types of research are needed in the upcoming years. The state-of-the-art reports were
distributed to persons in CDIC’s World Directory of CO, Researchers and Policy Makers, which
lists ~3100 persons from 150 countries. The directory contains specialized mailing lists that are
sorted according to the persons’ affiliations and interests in the CO;, issue.

Bibliographic Information System

CDIC’s Bibliographic Information System (BIS) contains ~9100 references, an increase from
8000 at the end of FY 1985. Citations are entered into BIS according to the CDRD program area
classifications: climate, carbon cycle, vegetation response, and indirect effects. CDIC is working
with DOE’s Office of Scientific and Technical Information to merge BIS into DOE’s Energy Data
Base.

During FY 1986, CDIC evaluated two other data bases, the Climate and Society Database and
the Weather and Climate Hazards Database, which were compiled by the Natural Hazards
Research and Applications Information Center (University of Colorado). All of the records relevant
to CO, were entered into BIS.

CDIC publications pertaining to BIS that were published in FY 1986 include the Carbon Diox-
ide Information Center Thesaurus (ORNL/CDIC-5) and the Subject Keywords Index for the Car-
bon Dioxide Information Center’s Bibliographic Information System (ORNL/CDIC-15).

Communications

CDIC publishes a semiannual newsletter, CDIC Communications, which is distributed to all
persons listed in CDIC’s directory. (The number of persons listed in the directory increased from
1900 to 3100 by the end of FY 1986.) CDIC Communications informs CO, researchers and policy
makers of current research, recent policy decisions, CDIC services, and new CO,-related publica-
tions and meetings.

Networking

One of CDIC’s objectives is to work with data centers, universities, and individual researchers to
promote and facilitate the exchange of data. During FY 1986, CDIC staff members engaged in sev-
eral activities toward this end, including attending symposia and workshops; working with several
climate centers such as the Goddard Institute for Space Studies and the Geophysical Fluids
Dynamics Laboratory to obtain and distribute GCM data; and working with many researchers to
obtain and distribute important CO, data sets such as the Wigley-Jones temperature anomaly data
set, portions of the National Climatic Data Center’s 1000-station meteorological data base, and the
cloud cover atlas published by the Cooperative Institute for Research in Environmental Sciences.
Other activities included meetings with staff of the U. K. Meteorological Office (Bracknell, Eng-
land), the European Centre for Medium Range Weather Forecasts (Reading, England), the
National Climatic Data Center (Asheville, North Carolina), and the Institute for Energy
Analysis/Oak Ridge Associated Universities (Oak Ridge, Tennessee) to discuss the exchange of
data and other information.
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Special Projects

People’s Republic of China

The People’s Republic of China Academia Sinica and the U.S. Department of Energy’s CDRD
are collaborating on an atmospheric CO, research program. The two countries are studying the
effects of increasing atmospheric CO, on climate on many scales, including global, regional, and
local. This joint effort provides opportunities for scientists of both countries to share information,
which will lead to a better understanding of the earth’s climate systems and, possibly, to improved
long-range weather and climate predictions.

Both countries will benefit from this program. The People’s Republic of China will gain access
to the existing U.S. climate data base and the computing facilities for research. The United States
will gain access to China’s data bases, which are unique because of the length of time covered,
making them a valuable tool for validating models and evaluating regional climate change.

The program will fulfill two major needs in the study of CO,-induced climate change: (1) the
need for climate models to predict possible regional climate change, given a global CO,-induced cli-
mate change, and (2) the need for data to validate these models.

CDIC’s role was to develop and implement the computer system being used on the China proj-
ect. CDIC continues to provide technical personnel support. In addition, CDIC is developing a
standard operating procedure for data exchange and plans to begin a data newsletter to keep the
principal researchers up to date on each other’s activities in the two countries.

Resource Analysis Plan

CDRD is in the process of reorganizing its research program. The overall objective of the pro-
gram is to quantify the effects of increased CO, concentrations and CO,-induced climate changes
on climate systems, agroecosystems, energy systems, and resources important to mankind.

As part of this reorganization, CDIC developed the initial draft plan for a new program area
called Resource Analysis. The objective of this program area is to direct research that will enable
CDRD to develop policy options to enhance or lessen the effects of atmospheric CO, on resources.
This research will support CDRD’s overall program objective.

Coordination, Control, and Communication

The Coordination, Control, and Communication System, called C3, is a computer-based man-
agement tool that is used to analyze the CDRD research program as a whole or the individual
details of the program and to show the relationships between the program components; it also pro-
vides a means to encode and evaluate the uncertainties in the CDRD program. C? contains infor-
mation about each research project, including contract and product information and statistical
measurements for the research.

CDIC evaluated many types of computer systems and recommended the one being used by
CDRD to implement C3, After selecting the computer hardware and software, CDIC designed the
system, wrote the computer codes, and developed the graphics for it. The system contains menus so
that program managers can quickly locate needed information and view the status of their areas in
relation to the entire program. The continued development of this system was temporarily stopped
because CDRD is reorganizing its entire research program. Once the reorganization is complete,
CDIC will adjust C* to accommodate the changes.
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Sea Level Rise

The potential for a rise in the global sea level caused by a CO,-induced climate change has
received much attention in recent studies by the Polar Research Board (1985), the Environmental
Protection Agency (Hoffman, Keyes, and Titus 1983), and the National Research Council (1983).
As these studies reflect, the trend in sea level rise is exceedingly difficult to estimate because there
are multiple sources, the data base is incomplete, and the data provide only an ambiguous delinea-
tion of cause and effect.

Since 1983, the Polar Research Board, the Environmental Protection Agency, and the National
Research Council have made very different projections known to the public. Because of the differ-
ing views, CDRD decided it was necessary to write a paper on sea level rise that explained CDRD’s
position. CDIC’s role was to help CDRD develop a format for the position paper and to provide
technical input. This paper was intended to be the first of a series of CDRD position papers on var-
ious topics.

References

Hoffman, J. S., D. Keyes, J. G. Titus. 1983. Projecting future sea level rise: Methodology, esti-
mates to the year 2100, and research needs. U.S. Environmental Protection Agency, Washing-
ton, D.C.

National Research Council. 1983. Changing Climate. National Academy Press, Washington, D.C.

Peterson, I. 1985. The sound of data. Sci. News. 127:348-350.

Polar Research Board. 1985. Glaciers, Ice Sheets, and Seal Level: Effect of a CO,-induced
Climatic Change. National Academy Press, Washington, D.C.
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PART 1. EXTRAMURAL ACTIVITIES

8. EDUCGATION
S. E. Herbes and C. T. Hunsaker

The Environmental Sciences Division (ESD) maintains strong relationships with universities and
other research institutions, and through these interactions we are able to augment staff capabilities
in key scientific areas. Universities also provide valuable assistance by supplying summer staff and
interns for short-term positions and by assisting us in our search for high-quality people to fill per-
manent staffing needs. Our education programs are coordinated through the Education Committee,
whose role is to advise Division management on questions of education policy and to ensure that the
Division’s programs continue to provide exceptional opportunities for student involvement while
meeting the Division’s programmatic objectives.

Seminar Program

P. J. Mulholland

During the past year, the Seminar Committee offered a diverse program of guest lectures to
inform ESD staff and other interested members of the local scientific community about topics of
general interest in the environmental sciences (Table 8.1). The Seminar Committee relies largely on
suggestions from ESD staff members concerning the selection of outstanding speakers.

Table 8.1. Seminar speakers, Environmental Sciences Division:
October 1, 1985-September 30, 1986

Date Speaker Title

10/2/85  Joseph H. Welsh Ground modification and
GKN Hayward Baker stabilization
Odenton, Maryland

10/14/85 Douglas A. Shaefer Physical, chemical, and biological
Dartmouth College processing of throughfall by forest
Hanover, New Hampshire canopies

11/11/85 Lawrence T. Thorne Acid rain issues in the United Kingdom
Winston Churchill

Travelling Fellow

National Coal Board
London, England

12/17/85  John J. Stegeman Enzymes as indicators of
Woods Hole Oceanographic environmental stress and toxicity
Institute

Woods Hole, Massachusetts
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Table 8.1. (continued)

Date Speaker

Title

1/20/86 Jane M. Petitte
Department of
Horticulture Science
University of Guelph
Guelph, Ontario, Canada

1/21/86 Dan Binkley
School of Forestry
and Environmental
Studies
Duke University
Durham, North Carolina

1/21/86 David H. Dawson
Forestry Research
Consultant
Rhinelander, Wisconsin

1/27/86 John A. Cherry
University of Waterloo
Waterloo, Ontario, Canada

1/30/86 Mary Beth Adams
Department of Forestry
North Carolina State
University
Raleigh, North Carolina

2/10/86 Dennis Knight
Department of Botany
University of Wyoming
Laramie, Wyoming

2/18/86 Christine Shoemaker
Department of
Environmental Engineering
Cornell University
Ithaca, New York

2/19/86 Christine Shoemaker
Department of
Environmental Engineering
Cornell University
Ithaca, New York

Water relations and dry matter
partitions of air-pollutant-
stressed vegetable crops

Ion exchange resin bags:
Factors affecting estimates
of nitrogen availability

National policy trends and
implications for forestry

Hydrology of low-permeability
clayey deposits and waste
disposal implications

Starch in roots and foliage of
loblolly pine: Effects of
season, site, and fertilization

Parasites, lightning, and the
vegetation mosaic in wilderness
landscapes

Optimization methods for
identifying cost-effective
solutions to groundwater
pollution

Integrating population dynamics
with economic assessments in
integrated pest management:
A modeling approach
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Table 8.1. (continued)

Date Speaker Title
2/26/86  Alvin L. Young The setting of science policy:
Office of Sciences and A view from the White House
Policy Science Office
Executive Office of
the President
Washington, D.C.
3/11/86  Patrick J. Flanagan Microbial ecology and concerns of
Director, Ecology Program release of genetically engineered
National Science Foundation microorganisms
Washington, D.C.
4/15/86  John W. M. Rudd Factors controlling
Freshwater Institute methylmercury bioaccumulation
Department of Fisheries in aquatic ecosystems
and Oceans
Winnipeg, Manitoba, Canada
4/16/86 John W. M. Rudd Prediction of biological acid
Freshwater Institute neutralization in lakes
Department of Fisheries
and Oceans
Winnipeg, Manitoba, Canada
4/18/86  Carmen J. Nappo Thunderstorm-induced gravity
Atmospheric Turbulence waves and their effects on the
and Diffusion Division stably stratified boundary layer
National Oceanic and
Atmospheric Administration
Oak Ridge, Tennessee
5/1/86 Edith Brown Weiss Large-scale environmental issues
Law Center and international law
Georgetown University
Washington, D.C.
5/12/86 G. Richard Holdren Reaction rate-surface area
Northrup Services, Inc. relationships during the early
Corvallis, Oregon stages of weathering for
feldspar group minerals
5/13/86 Richard A. Houghton Terrestrial metabolism and seasonal

Marine Biological‘
Laboratory
Woods Hole, Massachusetts
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Table 8.1. (continued)

Date Speaker Title -

5/15/86 R. P. Betson Macrodispersion experiment:
J. M. Boggs Report on a field experiment to
Tennessee Valley investigate transport processes

Authority in a saturated groundwater zone

Engineering Laboratory
Norris, Tennessee

6/10/86 Richard A. Larson Free radical photochemistry in
Institute for Environ- natural waters

mental Studies
University of Illinois

Urbana, Illinois
6/25/86 Eliana Amaral Activities of the Brazilian
Instituto de Radiation Protection and
Radioprotecao ¢ Dosimetry Institute
Dosimetria

Rio de Janeiro, Brazil

Undergraduate Education Program
C. T. Hunsaker

Several Oak Ridge National Laboratory (ORNL) and Oak Ridge Associated Universities
(ORAU) programs for undergraduate student participation in ESD research and assessment
projects provide a continuing opportunity for interaction between students and staff. Highly quali-
fied undergraduates are selected from colleges and universities throughout the United States (Table
8.2). Students are assigned to individual ESD advisors who guide them through a summer- or
semester-long experiment or project associated with one of the ESD programs. Each student is
required to document the results in a report and present a seminar to the ESD staff. These experi-
ences in research participation are designed to expose the student to the research process in a large
laboratory. The greatest benefits to the students are frequently an expanded outlook on career
opportunities in research and an understanding of practical approaches to research problems. Dur-
ing FY 1986, the total number of students participating in ESD’s Undergraduate Education Pro-

gram increased from 13 to 24.
Graduate Education Program
S. E. Herbes

ESD provides the opportunity for graduate and postdoctoral research consistent with the mission
of ORNL. During this reporting period, a total of 34 students participated in graduate research in
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ESD (Table 8.2). While maintaining the traditionally strong participation of the University of
Tennessee Graduate Program in Ecology, ESD hosted graduate students from 15 other universities,
many of them through the ORNL Summer Research Internship Program. In addition, three post-
doctoral interns and one Wigner fellow pursued research studies as part of divisional programs.

Graduate research opportunities vary in length from internship of several months’ duration to
multiyear Ph.D. dissertation projects. Student research is guided by selected ESD staff members,
one of whom serves on each student’s university academic guidance committee. Tuition, fees, and
stipends for some of the graduate students are provided through U.S. Department of Energy educa-
tional assistance programs administered through ORAU and the ORNL Office of University Rela-
tions. Many students are supported through ESD programmatic funds, and several are self-
supported.

In addition to students in residence, ESD programs support graduate research at many of the
universities with which subcontractual arrangements are maintained (Sect. 9).

Facalty Program
S. E. Herbes

ESD provides opportunities for professional educators to participate in collaborative research
with Division staff. During this reporting period, four university faculty participated in summer or
sabbatical research at ESD (three in the ORAU Faculty Summer Research Participation Program
and one in the ORNL Summer Faculty Program), in addition to the many faculty members who
visited ESD for workshops, seminars, or subcontract consultations (Table 11.1).

Table 8.2. Universities represented by guests in residence at
Environmental Sciences Division during the period
October 1, 1985-September 30, 1986

University gi?‘lie:t-e Graduate grzgf:te Faculty Program®
Albion College 1 GLCA/ACM
Ashland College 1 SRP
Auburn University 1 ORAU
Austin Peay 1 SRP

State University
Beloit College 1 SRI
Birmingham- 2 SCuuU
Southern College
Calvin College 1 FSRP
Carleton College 1 GLCA/ACM
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Table 8.2. (continued)
.. Under- Post- e
University graduate Graduate graduate Faculty Program
Carroll College 1 SRP
Earlham College 1 GLCA/ACM
East Tennessee 1 FSRP
State University
Florida State 1 1 SRP, GSRP
University
Fort Valley 3 1 SSP, SFP
State College
Grinnell College 2 SRP, GLCA/ACM
Hiram College 1 SRI
Indiana University 2 SRI, sub-
contract
Indiana University 1 SRP
of Pennsylvania
Johns Hopkins 1 GSRP
University
Knox College 1 GLCA/ACM
Lawrence University 1 FSRP
Maryville College 1 SRI
Millersville State - 1 SRP
College
Northern Arizona 1 SRP
State University
North Carolina 1 ORAU
State College
Peru State College 1 SR1
Purdue University 1 RWMP
State University of 1 SRP

New York at
Binghamton
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Table 8.2, (continued)

.. Under- Post- a
University graduate Graduate graduate Faculty Program
Tennessee 1 SRI
Technological
University
University of 1 Subcontract
California,
Los Angeles
University of 1 ORAU
Minnesota
University of 1 1 SRP, GSRP
North Carolina
University of Tennessee
Biology 1 SRP
Civil Engineering 1 Subcontract
Ecology 14 Subcontract
Environmental 3 Subcontract
Toxicology
Geology 4 Subcontract
Wabash College 1 GLCA/ACM
Wells Coilege 1 SRP
William and Mary 1 SRI
College
Totals 24 34 3 4

“FSRP = Oak Ridge Associated Universities Faculty Summer Research Participation Pro-
gram; GLCA/ACM = Great Lakes Colleges Association/Associated Colleges of the Midwest
Oak Ridge Science Semester Program; GSRP = Oak Ridge Associated Universities Graduate
Student Research Participation; ORAU = Oak Ridge Associated Universities Postdoctoral
Program; RWMP = U.S. Department of Energy Radioactive Waste Management Practicum;
SCUU = Southern College and University Union Oak Ridge Science Semester Program; SFP
= Oak Ridge National Laboratory Summer Faculty Program; SRI = Oak Ridge National
Laboratory Student Research Internship Program; SRP = Qak Ridge Associated Universities
Student Research Participation Program; SSP = Oak Ridge National Laboratory Special
Summer Program; Subcontract = Environmental Sciences Division subcontract with a
university.

B o e e R At smander e R IR i/ 2L AR AT s

Iy



P OPEL I XS U

O N U VYIRS A OV NP

.-t A by 5 vt

R L TR PR U R A S R N T

Section 8 92 ORNL-6327

High School Science Teachers Program
S. E. Herbes

Several programs were instituted in FY 1986 to encourage and strengthen science education on
the secondary school level by providing opportunities for teachers and students to participate
directly in ORNL research projects. During summer 1986, three Tennessee high school teachers
worked for 8 weeks in ESD through the ORAU High School Teachers Research Participation Pro-
gram. In addition, an area high school senior performed studies at ESD on the physiological
response of plants to air pollutants through the ORNL Special Honors Study Program for High
School Students.
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9. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND DEVELOPMENT
SUBCONTRACTS AND INTERAGENCY AGREEMENTS

Title of subcontract/interagency agreement

Assist in the development of a national
operational plan for acid precipitation
effects research

Development of a proposal to DOE concerning

aquatic linkages in the acidification of
surface waters

Research to determine accurately the 3C:12C
isotope ratio in atmospheric CO, over the

past 150 years by analyzing the corresponding

isotopic record in tree rings by removal of
climatic interferences

Research to determine the effect of the
historical pattern of elevated atmospheric
CO, levels on tree growth and forest
productivity

Research on selection of lignocellulosic
species for energy crops

Fabrication of electronic dendrometers for
use in field research with loblolly pine

Research and development in application
of in situ vitrification technology for
low-level wastes

DOE state-of-the-art report on global
carbon cycle research

Assist in developing a national operational
plan for acid precipitation effects
research

Eucalyptus plantations for energy production
in Hawaii

- Division
Subcontractor technical
contact
Argonne National D. S. Shriner
Laboratory
Argonne National W. Van Winkle
Laboratory
Arizona, University of C. C. Coutant

Arizona, University of D. C. West

Auburn University J. W. Johnston

Battelle Pacific S. B. McLaughlin
Northwest Laboratories

Battelle Pacific B. P. Spalding
Northwest Laboratories

Battelle Pacific J. R. Coutant
Northwest Laboratories

Battelle Pacific D. S. Shriner
Northwest Laboratories

Bioenergy Development J. W. Ranney
Corporation

93
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9. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND DEVELOPMENT
SUBCONTRACTS AND INTERAGENCY AGREEMENTS (continued)

Title of subcontract/interagency agreement

Subcontractor

Division
technical
contact

Development of a three-dimensional transport

model of the carbon cycle in the ocean

Assist in the biomass research project on
hydrocarbons and energy from plants

Support in storage and transfer of organic
matter in terrestrial ecosystems, litter,
and soil

Regional analysis of sedimentary rock
resources and acidic deposition impacts

Monitor atmospheric CO, levels

Test the HARM 11 site rating methods on
DOE-sponsored sites

Phase I activities to develop a level II acid
deposition assessment model

The impact of acid precipitation on Piedmont

forest soils

Involvement with the National Atmospheric

Deposition Program that requires sample

analysis by a central analytical laboratory

for comparability of data on atmospheric
deposition on a national scale

Analysis of southern hemisphere CO, data in

relation to variations in atmospheric
circulation and sea ice conditions

Screening and selection of herbaceous species

for biomass production in the Midwest—
Lake States

Ecological effects of acidification on low-order
woodland streams, with particular emphasis on

the chemistry and effects of aluminum

California, University of

California, University of
Lawrence Berkeley
Laboratory

California, University of

California, University of

California, University of

Camp, Dresser and McKee

Carnegie-Mellon
University

Clemson University

Colorado State
University

Colorado, University of

Cornell University

Cornell University

C. C. Coutant

J. W. Johnston

W. M. Post

D. S. Shriner

M. P. Farrell
L. W. Barnthouse

D. S. Shriner

D. W. Johnson

S. E. Lindberg

C. C. Coutant

J. W. Johnston

J. W. Elwood
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9. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND DEVELOPMENT
SUBCONTRACTS AND INTERAGENCY AGREEMENTS (continued)

Title of subcontract/interagency agreement

Subcontractor

Division
technical
contact

Test the Harm II site rating methods on
DOE-sponsored sites

Field nutrient cycling research at the
loblolly pine plantation in Duke Forest.

Compile historical data on patterns of land
use and vegetation cover for South Asia and
Southeast Asia for the period 1700 to
1980 AD

Survey to delineate areas of contaminated
sediment

Placement and maintenance of wells for
sampling peat drainage waters

Integrated forest study of effects of
atmospheric deposition

Support of study of groundwater flow

Species screening and genetic selection at
sites in Arizona, New Mexico, and Texas

SWSA-6 contaminant pathways analysis study
and hydrologic modeling

Eucalyptus for biomass prodﬁction in Florida
(part of DOE’s Short Rotation Woody Crops
Program)

Technical support on National Surface
Water Survey

Selection of lignocellulosic speéi&s
for energy crops

Perform specialized studies on incorporation
of sulfur into soil organic matter

Dames and Moore

Duke University

Duke University

EG&G, Inc.

East Carolina
University

Emory University

Emory University

Energy/Development
International

Environmental Consulting
Engineers

Florida, University of

Ford, Thornton, Norton,
& Associates

Geophyta

Georgia, University of
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L. W. Barnthouse

E. A. Bondietti

C. C. Coutant

C. B. Sherwood

J. F. McCarthy

E. A. Bondietti

S. H. Stow
L. L. Wright

E. C. Davis

L. L. Wright

R. J. Olson

J. H. Cushman

E. A. Bondietti
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9. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND DEVELOPMENT
SUBCONTRACTS AND INTERAGENCY AGREEMENTS (continued)

Division
Title of subcontract/interagency agreement Subcontractor technical
contact

Chemical analysis of plant, soil, and solution Georgia, University of R. J. Luxmoore
samples for the project Elevated CO,
Effects on Terrestrial Ecosystems

Support of integrated forest study of Georgia, University of E. A. Bondietti
atmospheric deposition

Provide assistance to the hydrofracture data Gerghty and Miller D. D. Huff
base project at ORNL

Measuring changes in the forests of the Hudson River Foundation C. C. Coutant
Amazon basin

Support in preparing reviews of specific IT Corporation R. M. Reed
hazardous and radioactive waste action

Passage of salmonids (resident and migrating) Idaho State University G. F. Cada
through bulb turbines and their associated
mortality

The role of tropical forests in the global Illinois, University of C. C. Coutant
carbon cycle

Provide high-quality student interns who are Indiana University C. T. Hunsaker

well suited to ESD programs

Atmospheric deposition and canopy
interactions studies

Breeding Alnus for intensive culture of
biomass for energy (part of DOE’s
Short Rotation Woody Crops Program)

DOE/industrial roles in biotechnology

Provide analysis and technical assistance for
Herbaceous Energy Crops Program

Develop a technology transfer plan for ORNL’s
Biomass Production Program

Institute of Ecosystem
Studies ‘

Iowa State University

JAYCOR
JAYCOR

JAYCOR

E. A. Bondietti

P. A. Layton

J. H. Cushman

J. H. Cushman

R. I. Van Hook
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ORNL-6327

9. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND DEVELOPMENT
SUBCONTRACTS AND INTERAGENCY AGREEMENTS (continued)

Division
Title of subcontract/interagency agreement Subcontractor technical
contact
Determination of the best species and management Kansas State University P. A. Layton
techniques for short-rotation production of
fuel wood in the Great Plains
Workshop on predicting responses of fish Kilkenny Environmental R. J. Olson
populations to acidification Associates, Inc,
Comparison of pre- and postbomb radiocarbon Lamont-Doherty C. C. Coutant
in soils and soil fractions Geological Observatory,
Columbia University
Assessment of carbon dioxide sinks and Lamont-Doherty C. C. Coutant
sources in oceanic areas Geological Observatory,
Columbia University
Analysis of red spruce chronologies Lamont-Doherty S. B. McLaughlin
for anthropogenic pollutant effects Geological Observatory,
Columbia University
Assemble and evaluate oceanographic data in Lamont-Doherty C. C. Coutant
support of ocean model development Geological Observatory,
Columbia University
Research designed to identify and quantify Lamont-Doherty C. C. Coutant
principal sources and sinks of atmospheric Geological Opservatory,
CO; on a global scale Columbia University
Hydrological support of characterization and MCI Consulting Engineers, L. Hyde
water quality monitoring well Inc.
Remote sensing of deforestation in the Amazon Marine Biological C. C. Coutant
basin Laboratory
Development and testing of mathematical models ~ Marine Biological C. C. Coutant
for use in defining the role of terrestrial Laboratory
biota in the global CO, cycle
Technical support for Annual Meeting Maxima Corporation W. H. Pechin

on Low-Level Waste Management

IR AL AEAOE S S R SN
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ORNL-6327

9. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND DEVELOPMENT
SUBCONTRACTS AND INTERAGENCY AGREEMENTS (continued)

Division
Title of subcontract/interagency agreement Subcontractor technical
contact
Determining the effect of observed changes Maxima Corporation D. C. West
of atmospheric CO, on tree and forest
growth
Internship program Miami University M. P. Farrell
Validation with field data and predictive Miami, University of E. C. Davis
application of the hydrological model FEWA '
Collect radiocarbon data from the Indian Ocean Miami, University of C. C. Coutant
Tree species and management strategies for Michigan State P. A. Layton

biomass production in the Great Lakes states

Integrated forest study of effects of
atmospheric deposition

Soil analysis from a Minnesota soil
chronosequence

Recovery of soil carbon after agricultural
abandonment and intensive forest management

Use of wetlands for production of woody plants
for fuels and petrochemical substitutes

Workshop on field sampling techniques for
collection of contaminated materials

Computer support to run models of the
atmosphere

Temperature and precipitation in the
United States

A study of the role of the oceans in the global
carbon cycle through modeling exercises

Provide model of the global cycles of carbon,
nitrogen, and phosphorus

University

Michigan, University of
Minnesota, University
Minnesota, Universit.y of
Minnesota, University of
NUS Corporation

National Aeronautics and
Space Administration

National Oceanic and
Atmospheric
Administration

New Hampshire,
University of

New Hampshire,
University of

E. A. Bondietti

A. M. Solomon

R. L. Van Hook

J. W. Johnston

N. H. Cutshall

C. C. Coutant

M. P. Farrell

C. C. Coutant

W. R. Emanuel
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9. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND DEVELOPMENT
SUBCONTRACTS AND INTERAGENCY AGREEMENTS (continued)

Division
Title of subcontract/interagency agreement Subcontractor technical
contact
Atmospheric deposition research at New York, State E. A. Bondietti

Whiteface Mountain

Site preparation and support for
research site

Collect data to test alternative hypotheses of
increased acidification and fish population
declines in the Adirondack region

Species selection and silvicultural systems for
producing fuels from woody biomass in the
southeastern United States

Processing benthic invertebrate samples

Integrated forest studies on atmospheric
deposition

Lipid biochemistry of fish from East
Fork Poplar Creek

Preparation of chapter for DOE state-of-the-
art report on global carbon cycle research

Comparison of microbial communities at
sites in White Oak Creck

Technical support in the conduct of aquatic
bioassays

Evaluate Populus selection for fuel wood

Study of linked carbon and nitrogen cycles
in coniferous forests

National Surface Water Survey data analysis
project

University of

New York, State
University of

New York, State
University of

North Carolina State
University

North Carolina,
University of

Norwegian Forest
Research Institute

Nova Scotia, University of

Oak Ridge Associated
Universities

Oak Ridge Associated
Universities

Oak Ridge Research
Institute

Oklahoma State University

Oregon State University

Oregon State University

R el 7 N P T o e Al ST (0 2 b S Ony b A DTS P U (v C et ) R Wl T LD LRI AN ) Bt 712X it ST

E. A. Bondietti

R. J. Olson

L. L. Wright

J. W. Elwood

E. A. Bondietti

S. M. Adams

C. C. Coutant

A. V. Palumbo

C. W. Gehrs

P. A. Layton
W. M. Post

P. Kanciruk
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9. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND DEVELOPMENT
SUBCONTRACTS AND INTERAGENCY AGREEMENTS (continued)

Title of subcontract/interagency agreement

Subcontractor

Division
technical
contact

Continued collection of oceanic carbonate data
to verify ocean penetration of anthropogenic
CO,

Support in study of prehistoric climate
determined from modern pollen-climate
relationships and fossil pollen records

Net energy and economic analysis for producing
Populus hybrid under four management
strategies

Nutrient cycling research at Whiteface
Mountain

Compiling data base to test effects of
toxic pollutants on marine resources

Extending systems analysis in ecology
in Brazil
Tissue culture of elite biotypes of Atreplex

canescens as a short-rotation woody biomass
crop

Development of a three-dimensional model for
predicting the distribution of dissolved
carbon species in the oceans

The role of tropical forests in the global
carbon cycle

Evaluation of the agronomic and economic
feasibility of different systems for
producing herbaceous biomass on marginal
lands

Obtain field verification of research concepts
on combining scale, instrumentation, and
stochastics in transport modeling of water
and solutes

Oregon State University

Oregon, University of

Pennsylvania State
University

Pennsylvania,
University of

Pennsylvania,
University of

Pennsylvania,
University of

Plant Resources
Institute

Princeton University

Puerto Rico,
University of

Purdue University

Purdue University

C. C. Coutant

A. M. Solomon

J. W. Ranney

E. A. Bondietti

L. W. Barnthouse

D. C. West

L. L. Wright

C. C. Coutant

C. C. Coutant

J. W. Johnston

K. W. Watson
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9. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND DEVELOPMENT
SUBCONTRACTS AND INTERAGENCY AGREEMENTS (continued)

Division

Title of subcontract/interagency agreement Subcontractor technical
contact
Analyze tree-ring data to detect forest San Diego State D. C. West

responses to increased atmospheric
carbon dioxide

Support services in the analysis
of acidic deposition

Development, implementation, and analysis of
models used to forecast the fate and effects
of chemical contaminants in aquatic systems

Support for development, testing, and appli-
cation of terrestrial ecosystem models

Provide control of incoming analyses (status of
sample analyses and detection of errors) as
well as available access to existing data and
associated statistical analyses

Programming and technical support for
development, implementation, and analysis of
uncertainties of models used to forecast
future rates of fossil fuel combustion

Provide scientific programmer to assist ESD
ecologists in data management and analysis

Assist in ecological data management, data
representation, and data analysis for ESD

Provide research and data analysis support
to the National Acid Precipitation Assessment
Program

Support services for the Woody Biomass Program
at ORNL

University

Science Applications D. S. Shriner

International Corporation

Science Applications
International Corporation

S. M. Bartell

Science Applications
International Corporation

W. R. Emanuel

Science Applications P. Kanciruk

International Corporation

Science Applications M. J. Sale
International Corporation

Science Applications P. Kanciruk
International Corporation
Science Applications P. Kanciruk

International Corporation

Science Applications D. S. Shriner

International Corporation

Science Applications
International Corporation

J. W. Ranney

- —
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9. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND DEVELOPMENT
SUBCONTRACTS AND INTERAGENCY AGREEMENTS (continued)

Division
Title of subcontract/interagency agreement Subcontractor technical
contact
Identification and evaluation of legal- Science Applications J. T. Trabalka
" regulatory aspects of remedial action International Corporation
activities at ORNL
Support in characterizing subsurface South Carolina, R. B. Dreier
geology in immediate region for remedial University of
action planning
Research to study the role of aragonite in South Florida, C. C. Coutant
the marine CO,; system University of
Ecological effects of acidification of low-order Syracuse University J. W. Elwood
woodland streams, with particular emphasis on
the chemistry and effects of aluminum
Provide model for predicting water and Tennessee Technological M. J. Sale
contaminant transport University
Sample collection from Camp Branch and Walker Tennessee Valley D. W. Johnson
Branch Experimental Watersheds Authority
Analysis of macrobenthos samples from the Bear  Tennessee Valley J. M. Loar
Creek watershed Authority
Biomass harvesting and field handling Tennessee Valley J. W. Ranney
Authority
Geophysical data acquisition and reduction Tennessee Valley S. H. Stow
services Authority
Mercury and PCB uptake by fish Tennessee Valley C. W. Gehrs
Authority
Development of plugging and abandonment plan  Tennessee Valley M. J. Sale
for wells at the hydrofracture facility Aauthority
Investigation of potential soil erosion Tennessee, University of R. B. Clapp

at solid waste burial sites
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ORNL-6327

9. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND DEVELOPMENT
SUBCONTRACTS AND INTERAGENCY AGREEMENTS (continued)

Title of subcontract/interagency agreement

Subcontractor

Division
technical
contact

Short-term and exploratory programmatic needs
in areas where staff capability and/or funding
uncertainty preclude ORNL staff commitments

Staff members of the Department of Civil
Engineering are to provide assistance in
waste-management-related programs

Stream acidification effects

Provide technical assistance in conducting
DOE-sponsored limnological research on
watershed-reservoir interactions

A cooperative venture between ORNL’s ESD and
the University of Tennessee Graduate Program

in Geological Sciences

Field collection of data and sediments from
lakes and ponds in Tennessee adjacent to
Kentucky

Support in ESD biomass project on
optimum nutrition

Life Sciences Distinguished Scientist
David White

Life Sciences Distinguished Scientist
Robert Hatcher

Support for ESD subsurface transport project

Investigation of soil characteristics of Bear
Creek Valley

Integrated forest study on effects of
atmospheric deposition-Tasks Al and A3

Extending systems analysis in ecology
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Tennessee, University of

Tennessee, University of

Tennessee, University of

Tennessee, University of

Tennessee, University of

Tennessee, University of

Tennessee, University of

Tennessee, University of

Tennessee, University of

Tennessee, University of

Tennessee, University of

Tennessee, University of

Texas A & I University

i
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S. E. Herbes
N. H. Cutshall

J. E. Elwood
B. L. Kimmel

S. H. Stow
D. C. West

R. J. Luxmoore
D. E. Reichle
D. E. Reichle

R. J. Luxmoore

S. Y. Lee
S. E. Lindberg

R. 1. Van Hook
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ORNL-~6327

9. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND DEVELOPMENT
SUBCONTRACTS AND INTERAGENCY AGREEMENTS (continued)

Title of subcontract/interagency agreement

Subcontractor

Division
technical
contact

Supportive research for development of
plant tissue culture techniques

Analysis of current Biomass Production
Program at ORNL

Strengthen programs in biomass and carbon
dioxide research at Tuskegee Institute and
Environmental Sciences Division at ORNL

Establishment of Populus energy farms

Effects of atmospheric deposition on
canopy and soil processes

Eucalyptus plantations for energy
production in Hawaii

Research on atmospheric deposition
Oilseed crops for diesel fuel substitutes
Precipitation data processing assistance

Identify risks of cultural treatments, coppice
productivity, and improved productivity for
energy through genetic research and selection

ORNL access to water quality and quantity data

Evaluation of effectiveness of mitigation
measures for potential loss of out-migrating
anadromous fish at small-scale hydroelectric
sites

Increasing the biomass production of alder
plantations in the Pacific Northwest

Texas A & M Research
Foundation

Tufts University

Tuskegee Institute

U. S. Department of
Agriculture

U. S. Department of
the Interior

U. S. Department of
Agriculture

U. S. Department of
Agriculture

U. S. Department of
Agriculture

U. S. Department of
Agriculture

U. S. Department of
Agriculture

U. S. Department of
the Interior

U. S. Department of
the Interior

U. S. Department of
Agriculture

J. W. Johnston

R. I. Van Hook

J. H. Cushman

J. W. Ranney

E. A. Bondietti

J. W. Ranney

E. A. Bondietti

J. H. Cushman

D. W. Johnson

J. W. Ranney

S. G. Hildebrand

S. G. Hildebrand

J. W. Ranney



- e i

e e 4 e e o - o

S PSP S

Section 9 105

ORNL-6327

9. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND DEVELOPMENT
SUBCONTRACTS AND INTERAGENCY AGREEMENTS (continued)

Division
Title of subcontract/interagency agreement Subcontractor technical
contact
Continued access to the Environmental U. S. Environmental C. T. Hunsaker
Protection Agency’s STORET/BIOSTORET Protection Agency
data base
Support for investigation of bedload Utah, University of D. D. Huff
transport of contaminated gravel in
White Oak Creek drainage
Production of biomass on abandoned farmlands Yermont, University of J. L. Trimble

in the Northeast

Conduct research on the selection of
lignocellulosic species for energy crops

Research on production of woody biomass for
fuels and chemicals in south-central Virginia

Preparation and nursery establishment for
study of varying physiological processes in
Biomass Production Program

Effects of acid rain on forest nutrient status

Reduce the variability in carbon isotope data
from tree rings by considering the tree’s

physiology

Evaluation and genetic improvement of black
cottonwood for short-rotation coppice culture

Qualitative histopathologic examination of
fish from East Fork Poplar Creek

Environmental compliance audits at
TAC installations

Collaboratively test the HARM II site
rating methods on DOE-sponsored sites

Reconstruction of early twentieth century
atmospheric CO, concentrations by analyses
of stored sea water samples

Analysis of carbonate fracture-filling and
host-rock minerals

Virginia Polytechnic
Institute

Virginia State
University

Washington,
University of

Washington,
University of

Washington,
University of

Washington,
University of

West Virginia University

Weston, Roy F., Inc.

Weston, Roy F., Inc.

Woods Hole
Oceanographic
Institution

Yale University

J. W. Johnston

L. L. Wright

J. W. Ranney

E. A. Bondietti

C. C. Coutant

L. L. Wright

S. M. Adams

L. L. Sigal

L. W. Barnthouse

J. R. Trabalka

C. S. Haase

IR



LA L T

~ e T atete awlow o ey

- el A e

10. CONFERENCES ORGANIZED OR CHAIRED

Preconference Workshop—Biomonitoring: Testing and Compliance Procedures for NPDES Permits,
58th Annual Water Pollution Control Federation Conference, Kansas City, Missouri, October 6,
1985. Chairman: C. T. Hunsaker.

Field Training Workshop for the National Stream Survey, Environmental Sciences Division, Oak
Ridge National Laboratory, Oak Ridge, Tennessee, March 3-7, 1986. Chairman: M. J. Sale.

Short Rotation Woody Crops Program: Annual Technical Review, Newport, Tennessee, March
17-21, 1986. Chairman: P. A. Layton.

Experimental Design and Data Management Workshop for the EPA Forest Response Program,
Raleigh, North Carolina, March 25-26, 1986. Cochairmen: C. F. Baes III and R. J. Olson.

NAPAP Workshop on Dry Deposition, Harpers Ferry, West Virginia, March 25-27, 1986.
Cochairmen: B. B. Hicks, S. E. Lindberg, and M. L. Wesely.

18th Annual Air Pollution Workshop, Chicago, Illinois, April 15-17, 1986. Cochairmen and organ-
izers: L. L. Sigal and R. W. Ferenbaugh.

Direct-Delayed Response Project Data Management-Verification-Validation Workshop, Oak Ridge
National Laboratory, Oak Ridge, Tennessee, July 29-31 and August 27-29, 1986. Chairman: R. S.
Turner.

Herbaceous Energy Crops Program at the Annual Subcontractors’ Meeting, Richmond, Virginia,
August 6-7, 1986. Chairman: J. H. Cushman.

Short Rotation Woody Crops Program at the Annual Subcontractors’ Meeting, Ames, Iowa,
August 11-14, 1986. Chairman: P. A. Layton.

Direct-Delayed Response Project Watershed Data Aggregation Workshop, Oak Ridge National
Laboratory, Oak Ridge, Tennessee, September 8-10, 1986. Chairman: R. S. Turner.
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11. SCIENTIFIC GUESTS

Environmental Sciences Division staff members routinely interact with scientists from universi-

ties, foreign institutes, government agencies, and industry. These scientific guests, who worked in
the Division on a full-time or intermittent basis, are listed in Table 11.1.

Table 11.1 Scientific guests,
October 1, 1985-September 30, 1986

Number of
guests

Institution

University/college

University of Tennessee
Professor
Associate Professor
Research Assistant
Distinguished Scientist
Postdoctoral Associate
Chemist
Other

QN = N 00w

Subtotal 32

Carleton College
Professor 1

Indiana University
Associate Professor 1

Dabney S. Lancaster Community College
Professor 1

Millsaps College
Professor 1

North Texas State University
Assistant Professor 1

University of Arkansas
Professor 1

University of California
Technical Associate 1

University of Georgia
Professor 1

University of Hawaii
Professor 1
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Table 11.1. (continued)

o Number of
Institution
guests
University of Illinois
Professor 1
University of Kentucky
Professor 1
Adjunct Associate Professor 1
University of New Mexico
Professor 1
Visiting Associate Professor 1
University of Utah
Professor 1
Assistant Professor 1
University of Virginia
Professor 1
University of Wisconsin
Professor 1
Virginia Polytechnic Institute
Postdoctoral Associate 1
Foreign
Aristotle University of Thessaloniki 1
Bhabha Atomic Research Centre 1
Commonwealth Scientific and Industrial 1
Research Organisation
Forschungskommison der 1
Universitat Zurich
Instituto de Radioprotecao 1
¢ Dosimetria
Japan Atomic Energy 1
Research Institute
Government
U.S. Environmental Protection Agency 1
National Park Service 2
Tennessee Valley Authority 9
U.S. Geological Survey 3

ORNL-6327
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Table 11.1. (continued)

ORNL-6327

Institution

Number of
guests

Industry

A. L. Clark Well Drilling Service

Environmental Consulting Engineers

Environmental and Social Systems
Analysts

Geraghty and Miller

J. T. Bradbury

Lockheed Corporation

Maxima Corporation

M. L. Parker Company

Northrup Services, Inc.

Oak Ridge Research Institute

Planning, Design, and
Research Engineers, Inc.

Scientific Applications
International Corporation

Total

_— D

34

W h — — W
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12. VISITORS (TOURS AND REGISTERED GUESTS)

During FY 1986, a total of 1387 persons toured the Environmental Sciences Division facilities
(see Table 12.1). In addition to these touring groups, there were 1258 registered visitors during this

period.

Table 12.1. Environmental Sciences Division tours

October 1, 1985-September 30, 1986

Number
Institution® Date in

tour

Martin Marietta Energy Systems 10/10/85 6
procurement secretaries
Middle Tennessee State University 11/1/85 12
University of Tennessee Management 11/5/85 3
Training Program

New employee orientation 11/12/85 20
Tennessee Technological University 11/13/85 17
Executive Seminar Center 11/18/85 30
Karns High School 11/20/85 100
Huntingdon College 11/22/85 8
Eastern Kentucky University 12/6/85 15
Southern College and University Union 1/6/86 9
ORAU minimester course 1/15/85 35
ORAU minimester course 1/16/85 35
Emory and Henry College 1/29/85 20
New employee orientation 2/11/85 18
Ferrum College 2/13/86 24
Junior Science and Humanities Symposium 2/28/85 22
Rossville Academy 3/14/85 10
University of North Carolina, Charlotte 3/18/86 15
ORAU /University of South Carolina 3/21/86 7
Executive Seminar Center 3/25/86 61
Air National Guard 4/2/86 82
Furman University 4/3/86 8
Metter High School 4/4/86 30
Belgium government official 4/10/86 1
Middle Tennessee State University 4/11/86 13
Oak Ridge High School 4/17/86 75
New employee orientation 4/21/86 25
ORAU/Dabney Lancaster College 4/22/86 9
ESD Information Meeting 5/7/86 4
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Table 12.1. (continued)

ORNL-6327

Number
Institution® Date in
tour
Tennessee Valley Personnel Association 5/13/86 100
Air National Guard g 5/15/86 83
Middle Tennessee State University 5/22/86 12
ORAU/Chipola College 6/3/86 16
ORAU/Historically Black Colleges 6/5/86 15
ORAU/Indiana University 6/18/86 12
Southern Forest Biomass Workshop 6/18/86 60
University of Tennessee Governor’s School 6/25/86 40
for the Sciences
Charlotte, North Carolina, High School 6/27/86 10
University of Tennessee Governor’s School 7/2/86 18
for the Sciences

ORNL summer employees 7/9/86 25
New employee orientation tour 7/15/86 20
New employee orientation 8/6/86 30
ORAU summer students 8/7/86 12
Air National Guard 8/13/86 81
Texas Power and Light Company 8/14/86 4
GLCA science semester students 9/3/86 26
Administrative support staff 9/11/86 25
Executive Seminar Center 9/15/86 50
Administrative support staff 9/18/86 20
Middle Tennessee State University 9/26/86 _14

Total 1387

%GLCA = Great Lakes Colleges Association; ORAU = Oak Ridge Associated Universities;

ORNL = Oak Ridge National Laboratory.
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13. TECHNOLOGY TRANSFER
V. S. Tripathi

Direct Transfer of Technology

Some of the technologies developed in the Environmental Sciences Division (ESD) in the
course of its research activities have been transferred directly to other users:

Description:

Researcher;

Transferred to:

Source of funding:

Description:

Researchers: )

Transferred to:

Source of funding:

Description:

Researcher:

Transferred to:

Underwater telemetry—use of ultrasonic and/or radio-frequency transmitters
for attachment to fish or other aquatic organisms. Of use in animal behavior
studies related to environmental impacts of aquatic resource projects such as
hydropower, thermal electric generating stations, etc. ESD continues to be a
center for information on the subject even though our temperature-sensing
transmitter (developed by ORNL’s Instrumentation and Controls Division) is
now commercialized.

C. C. Coutant
Numerous researchers

U. S. Department of Energy
L IR Ik IR BRI I 3 3

Calibration of a portable surveillance photon detector was accomplished by
inserting the detector inside a lead annulus mounted on a tripod 1 m above the
ground. A novel scheme using point sources of known photon intensity was
devised to calibrate the detector. Units of rad1oact1v1ty are expressed in either
pCi/cm? or pCi/g.

N. H. Cutshall and I. L. Larsen

Joseph D. Eddlemon, President, Pulcir Inc., Oak Ridge, Tennessee (a vendor of
nuclear instrumentation)

U. S. Department of Energy, Office of Health and Environmental Research
EEXXTEEEE

Methods for measurement of atmospheric deposition of coarse particles by wet
and dry processes under field conditions. Used to estimate the effect of
resuspended mine tailings deposited in nearby forests.

S. E. Lindberg

‘State of Wisconsin, Department of Natural Resources, Dr. T. Hunt, Bureau of

Solid Waste Management

Source of funding: U. S. Department of Energy, Electric Power Research Institute
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Description: A synthesis of information on the evidence for regional-scale forest declines
and their relationship to air pollution was provided in the form of an invited
written and orally presented critical review to the Air Pollution Control Associ-
ation. Scientific and political perspectives were reviewed in the light of current
evidence and hypotheses.

Researcher: S. B. McLaughlin, Jr.

Transferred to: Scientists and policy makers involved in assessing pollution effects and mitiga-
tion strategies

Source of funding: U. S. Environmental Protection Agency

Indirect Transfer of Technology

The work of the Environmental Sciences Division results in technical reports or papers pub-
lished in scientific journals. Many of these publications are widely read, and the information
reported is used by others in their work. This, in effect, is indirect transfer of technology. Following

is a list of the papers and reports that have elicited the greatest response from the scientific and
industrial community in the past few years.

Coutant, C. C. Thermal niches of striped bass. Sci. Am. 255(2): 98-104 (1986).

Cutshall, N. H., I L. Larsen, and C. R. Olsen. Direct analysis of 2!°Pb in sediment samples:
Self-absorption corrections. Nucl. Instrum. Methods 206:309-312 (1983).

Lindberg, S. E., G. M. Lovett, D. D. Richter, and D. W. Johnson. Atmospheric deposition
and canopy interactions of major jons in a forest. Science 231:141-145 (1986).

Lindberg, S. E., and G. M. Lovett. Field measurements of particle dry deposition rates to foli-
age and inert surfaces in a forest canopy. Environ. Sci. Technol. 19:238-244 (1985).
Luxmoore, R. J., E. G. O’Neill, J. M. Ells, and H. H. Rogers. Nutrient uptake and growth
responses of Virginia pine to elevated atmospheric CO,. J. Environ. Qual. 15:244-251

(1986).

McLaughlin, S. B. Effects of air pollution on forests: A critical review. J. Air Pollut. Control
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Norby, R. J., and J. Pastor
“Carbon-nutrient interactions in response to CO, enrichment: Physiological and long-term per-
spectives,” International Union of Forest Research Organisations Symposium on Coupling of
Carbon, Water, and Nutrient Interactions in Woody Plant Soil Systems, Knoxville, Tennessee,
October 1985.
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Norby, R. J., G. E. Taylor, Jr.,, S..B. McLaughlin, and C. A. Gunderson
“Drought sensitivity of red spruce seedlings affected by precipitation chemistry,” 9th North
American Forest Biology Workshop, Stillwater, Oklahoma, June 1986.

Olson, R. J.

“Regional assessment of the effects of acidic deposition on aquatic resources,” Environmental
Studies/HRI Seminar Series, Butler University, Indianapolis, Indiana, September 1986.

Olson, R. J., D. L. Durfee, and D. L. Wilson
“Application of a geographic information system in the study of acidic deposition,” Geographic
Information Systems for Environmental Protection, University of Nevada, Las Vegas, January
1986.

“A geographic information system used to study acidic disposition,” poster session, 10th Inter-
national CODATA Conference, Ottawa, Canada, July 1986.

Olson, R. J., A. E. Rosen, C. T. Hunsaker, R. S. Turner, C. C. Brandt, R. C. Durfee, P. R. Cole-
man, D, L. Wilson, and F. E. Latham.
“The Adirondack Watershed data base: A resource for regional studies,” Workshop on Region-
alization of Aquatic Impacts Using the Adirondack Region as a Case Study, Paul Smith Col-
lege, Paul Smith, New York, August 1986.

O’Neill, E. G., R. J. Luxmoore, and R. J. Norby
“Increases in mycorrhizal infection and seedling growth in two forest species grown in an
enriched CO, atmosphere,” International Union of Forest Research Organisations Symposium
on Roots in Forest Soils: Biology and Symbioses, Victoria, British Columbia, Canada, August
1986.

O’Neill, E. G,, R. J. Luxmoore, and R. J. Norby
“Growth and mycorrhizal colonization of white oak (Quercus alba L.) seedlings grown in unfer-
tilized forest soil in an enriched CO, atmosphere,” annual meeting, Ecological Society of Amer-
ica, Syracuse, New York, August 1986.

O'Neil, R. V.,
“Hierarchy theory and global change,” SCOPE Workshop, October 1985.
“Hierarchy and large scales,” Colorado State University, December 1985.
“Landscape ecology,” Department of Energy seminar, Washington, D.C., February 1986.
“Hierarchy theory and complex ecosystems,” Ecological Society of America Symposium on

Modeling Complex Ecosystems, Syracuse, New York, August 1986.

Palumbo, A. V.
“Microbial growth, respiration, and biomass on leaf material in acidified and non-acidified

streams,” 86th Annual Meeting, American Society for Microbiology, Washington, D.C., March
1986.
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“Direct and indirect effects of acidification on bacterial production in streams,” Joint American
Society for Microbiology—Canada Society of Microbiology Symposium on Environmental
Insult and Recovery of Stressed Systems, Toronto, Canada, June 1986.

“Effects of acidification on microbial communities in streams,” annual review of Aluminum in
Streams Study (ALSS) Project at Electric Power Research Institute headquarters, Washington,
D.C., April 1986.

Palumbo, A. V., P. J. Mulholland, J. W. Elwood, L. A. Ferren, and D. M. Genung.
“Effects of acidification on microbial communities and processes,” 2nd Annual Acid Rain
Conference for the Southern Appalachians, Gatlinburg, Tennessee, October 1985.

Parr, P. D.
“Rare plant research at the Oak Ridge National Environmental Research Park,” annual meet-
ing, Ecological Society of America, Syracuse, New York, August 1986.

Parr, P. D., and R. K. Jones
“Initiation of long-term research on a rare plant population on the Oak Ridge National

Environmental Research Park,” annual meeting, Association of Southeast Biologists, Columbia,
South Carolina, April 1986.

Peng, T.-H.
“Changes in deep ventilation rate over the last 7000 years,” spring meeting, American Geo-
physical Union, Baltimore, Maryland, May 1986.

Peng, T.-H., and W. S. Broecker
“Modeling the distribution of tritium in the ocean,” Ocean Sciences meeting, New Orleans,
Louisiana, January 1986.

Ranney, J. W,
“Short-rotation research in the United States and abroad,” 23rd Annual Meeting, Poplar Coun-
cil of the United States, Seattle, Washington, July 1986.

D. E. Reichle

“The ORNL Environmental Sciences Division—National roles and regional relationships,”
Roane-Anderson Economic Council, Oak Ridge, Tennessee, November 1986.

“Activities of the Public Affairs Committee of the Ecological Society of America,” Board of
Directors, American Society of Limnology and Oceanography, Inc., Kingston, Rhode Island,
June 1986.

“The ecologists’ role in public affairs and public policy,” American Society of Limnology and
Oceanography, Inc., Kingston, Rhode Island, June 1986.

Salk, M. S.

“The potential for growing terrestrial energy crops in the southwestern United States,” Institute
of Gas Technology 10th Annual Meeting on Energy from Biomass and Wastes, Washington,
D.C., April 1986.
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Sharples, F. E.
“Ecologists and ‘genetic engineers”:. Partners or adversaries?” invited seminar, Graduate Pro-
gram in Ecology, Rutgers University, New Brunswick, New Jersey, March 1986.

“An update on the Hazardous Waste Remedial Actions Program (HAZWRAP): Integrating
waste management,” HAZMAT °’86, Fourth Annual Hazardous Materials Management
Conference, Atlantic City, New Jersey, June 1986.

“A brief introduction to the United States Congress,” Roane-Anderson Economic Council, Oak
Ridge, Tennessee, June 1986.

Sharples, F. E., and L. D. Eyman
“Impacts of hazardous waste regulation on low-level waste management,” Eighth Annual
Department of Energy Low-Level Waste Management Forum, Denver, Colorado, September
1986.

Shugart, L. R.
“Quantitating exposure to benzo[a]pyrene,” Bioassay Branch, Toxicology and Microbiology
Division, 1986 Seminar Series, Environmental Protection Agency ORDA, Health Effects
Research Laboratory, Cincinnati, Ohio, December 1985.

“Measurement of DNA adducts using HPLC (fluorescence detection),” Department of Energy
Workshop on the Measurement and Characterization of DNA Adducts, U.S. Department of
Energy Office of Health and Environmental Research, Physical and Technological Research
Division, Rockville, Maryland, May 1986.

Shugart, L. R., J. McCarthy, and B. Jimenez
“Biological markers of environmental contaminants: Analysis of P,sq activities and adduct for-
mation in aquatic and terrestrial species exposed to benzo[a]pyrene,” 2nd Annual U.S. Depart-
ment of Energy Contractors Meeting, Delvan, Wisconsin, June 1986.

“Analysis of adduct formation in the bluegill sunfish exposed to benzo[a]pyrene,” poster ses-
sion, Symposium on Toxic Chemicals and Aquatic Life: Research and Management, Seattle,
Washington, September 1986.

Smith, E. D., L. W. Barnthouse, G. W. Suter II, J. E. Breck, T. D. Jones, and D. A. Sanders
“Improving the risk relevance of systems for assessing the relative hazard of contaminated
sites,” 3rd National Conference on Hazardous Wastes and Hazardous Materials, Atlanta,
March 1986.

Smith, E. D., and D. C. Kocher
“Is the Analytic Hierarchy Process a good tool for setting priorities for high-level radioactive
waste research?” meeting, Prioritization Techniques/Ranking Methods, East Tennessee
Chapter, Society for Risk Analysis, Oak Ridge, Tennessee, July 1986.

Soballe, D. M., and B. L. Kimmel
“Effect of heterogencities on the field estimation of phytoplankton biomass by in vivo chloro-
phyll fluorescence,” joint annual meeting, American Society of Limnology and Oceanography
and the Phycological Society of America, University of Rhode Island, Narragansett, June 1986.
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Solomon, A. M.
“The CO, issue: Relevance of prehistoric forest histories,” Ecology Seminar, University of Min-
nesota, Minneapolis, Qctober 1985.

“Recent research on CO, and the global carbon cycle,” Forest Ecology class, University of
Minnesota, Minneapolis, October 1985.

“Linking GCM climate data with data from static dynamic vegetation models,” Workshop on
Climate and Vegetation Interactions, National Atmospheric and Space Administration, God-
dard Space Flight Center, Green Belt, Maryland, January 1986.

“Models for analyzing ecosystem effects of elevated CO,,” U.S. Department of Energy Meeting
on CO, Modeling, Raleigh, North Carolina, March 1986.

“Atmospheric carbon dioxide change: Agent of future forest growth or decline?” United
Nations Environmental Programme/U.S. Environmental Protection Agency International
Conference on Health and Environmental Effects of Ozone Modification and Climate Change,
Arlington, Virginia, June 1986.

Solomon, J. A.
“Flagellar root systems indicate a euglenoid-kinetoplastid connection,” seminar, Botany Depart-
ment, University of Tennessee, Knoxville, June 1986.

“Flagellar root systems: Evidence for a euglenoid-kinetoplastid connection,” annual meeting,
Phycological Society of America, Kingston, Rhode Island, June 1986.

“Flow cytometry techniques for species improvement,” subcontractors’ annual review meeting,
Aquatic Species Program, Solar Energy Research Institute, Golden, Colorado, September 1986.

Southworth, G. R., and K. W. Watson
“Comparison of models for describing the transport of retarded tracers in macroporous soils,”
6th Annual Meeting of the Society of Environmental Toxicology and Chemistry, St. Louis,
Missouri, November 1985.

Stow, S. H.
“The impact of recently enacted federal legislation on demand for geoscientists,” Southeastern
Section meeting, Geological Society of America, Memphis, Tennessee, April 1986.

Stow, S. H., and C. S. Haase.
“Subsurface disposal of liquid low-level radioactive wastes at Oak Ridge, Tennessee,” 19th
Congress of the International Association of Hydrogeologists, Karlovy Vary, Czechoslovakia,
September 1986.

Suter, G. W., II
“Treatment of risk in environmental impact assessment,” International Institute for Applied
Systems Analysis Task Force Meeting on Risk and Policy Analysis Under Conditions of Uncer-
tainty, Laxenburg, Austria, November 1985.

Suter, G. W, II, and A. E. Rosen
“Endpoints for chronic toxicity to fish,” 6th Annual Meeting of the Society of Environmental
Toxicology and Chemistry, St. Louis, Missouri, November 1985.
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Taylor, G. E., Jr., and C. A. Gunderson
“Ethylene effects on photosynthesis in Glycine max: A nonstomatal site of action,” annual
meeting, American Society of Plant Physiologists, Louisiana State University, Baton Rouge,
June 1986.

Taylor, G. E., Jr., R. J. Norby, and S. B. McLaughlin
“Methodologies for wet deposition research,” International Workshop on Exposure Methods for
Investigating Forest Effects of Air Pollution, Oregon State University/U.S. Environmental Pro-
tection Agency, Corvallis, January 1986.

O RV VI

“Deposition of trace gases to vegetation: Sites of regulation and relationship to plant response,”
General Motors Research Laboratories, Warren, Michigan, April 1986.

“The influence of ozone, precipitation chemistry, and soil type on red spruce (Picea rubens),”
annual meeting, American Society of Plant Physiologists, Louisiana State University, Baton
Rouge, June 1986.

“Population differentiation in response to sulphur dioxide: A case study in Geranium carolinia-
num L.,” University of Lancaster, Lancaster, United Kingdom, September 1986.

Tripathi, V. S,, and G. T. Yeh.
“HYDROGEOCHEM: A new model for transport of reactive multispecies contaminants,” fall
meeting, American Geophysical Union, San Francisco, California, December 1985.

Tripathi, V. S, and G. T. Yeh
“Transport and geochemical reaction modeling in brines,” American Chemical Society Sympo-
sium on Origin and Evolution of Brines in the Subsurface, Anaheim, California, September
1986.

Tripathi, V. S., G. T. Yeh, G. K. Jacobs, A. D. Kelmers
“Performance assessment of high-level nuclear waste repositories: Can Ky’s represent geochemi-
cal reality?” American Chemical Society Symposium on Geochemical Aspects of Radioactive
Waste Disposal, Anaheim, California, September 1986.

Von Damm, X. L.
“Experimental determination of quartz solubility in seawater under seafloor hydrothermal con-
ditions,” fall meeting, American Geophysical Union, San Francisco, December 1985.

“Submarine hot spring chemistry,” spring meeting, American Geophysical Union, Baltimore,
Maryland, May 1986.

Walton, B. T.
Incoming President’s Message, annual meeting, Society of Environmental Toxicology and
Chemistry, St. Louis, Missouri, November 1985.

“The role of Regional Chapters in the Society of* Environmental Toxicology and Chemistry,”
annual meeting, Ozark Prairie Chapter of the Society of Environmental Toxicology and
Chemistry, Columbia, Missouri, May 1986.
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Watts, J. A.
“Demonstration of PC-based system for Southern Blue Ridge Province Soil Survey (Form

232),” Field Sampling Protocol Workshop, Environmental Protection Agency, University of
Tennessee, Knoxville, March 1986.

Wright, L. L.
“SRWCP strategy for reducing biological risks in wood energy plantations,” status briefing to
J. Ferrell, Manager of DOE’s Short Rotation Woody Crops Program, Department of Energy,
Washington, D.C., April 1986.

“Some factors affecting stand level structure in SRIC plantations,” “Structure” session, annual
meeting, Short Rotation Woody Crops Program, Ames, Iowa, August 1986,

“Short rotation forestry,” Northeast Regional Biomass Program Steering Committee, Ports-
mouth, New Hampshire, September 1986.

Wright, L. L., and J. W. Ranney
“Maximizing wood energy production in short-rotation plantations: Effect of initial spacing and
rotation length,” annual meeting, Poplar Council of the United States, Seattle, Washington,
July 1986.

Theses

Groeger, A. W. 1986. Photosynthetic carbon metabolism in freshwater phytoplankton. Ph.D. disser-
tation. University of Oklahoma, Norman.

Solomon, J. A. 1986. Euglenoid flagellar root systems. Ultra structure and phylogenetic signifi-
cance, Ph.D. dissertation. University of Tennessee, Knoxville.

Professional Activities

ADAMS, S. M.

Participant: Invited speaker, Annual Meeting of the American Fisheries Society, Sun
Valley, Idaho, September 1986; invited panel member, Annual Meeting
of the American Fisheries Society, September 1986; invited speaker, 2nd
Annual Acid Rain Conference for the Southern Appalachians, Gatlin-
burg, Tennessee, October 1985; invited workshop participant, Environ-
mental Concerns of the Chesapeake Bay, Annapolis, Maryland, June
1986.

Faculty: Adjunct faculty, University of Tennessee.

Advisor: Mark S. Bevelheimer, Ph.D. candidate, University of Tennessee; Ken L.
Shepard, M.S. candidate, University of Tennessee; Denise Benson, M.S.
candidate, University of Tennessee; Lisa S. Burtis, M.S. candidate,
University of Tennessee; Gabriela Cacheiro, B.A. candidate, University
of Tennessee.
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Professional Activities

Ad hoc reviewer:

Other:

AUERBACH, S. 1.

Chairman:

Member:

Participant:

BAES, C. F.,, II

Chairman:

Member:

Participant;
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Transactions of the American Fisheries Society, Canadian Journal of
Fisheries and Aquatic Sciences, Fisheries; Proceedings, Annual Confer-
ence of Southern Fisheries and Wildlife Agencies.

Editorial board, Biological Communities of the Southeastern United
States (aquatic volume); American Fisheries Society Distinguished Ser-
vice Award Committee; Poster and Student Paper Awards Committee of
the American Fisheries Society.

Interdisciplinary Review Group, Tennessee-Tombigbee Waterway,
Mobile, Alabama, 1986; General Assembly of the International Union of
Radioecologists (President of Board of Council), Madrid, Spain, Sep-
tember 1986.

Executive Committee, Science Advisory Board, U.S. Environmental Pro-
tection Agency, 1986-1988; Municipal Waste Combustion Subcomittee,
Science Advisory Board, U.S. Environmental Protection Agency, 1986;
Advisory Board, Department of Geological Sciences, University of
Tennessee, 1986; Advisory Panel, Presidential Young Investigator Nomi-
nations, National Science Foundation, 1986; Editorial Board,
Environmental and Experimental Botany; Editorial Board, Environment
International; Steering Committee for the Scientific Committee on Prob-
lems of the Environment—International Association for
Ecology—International Council of Scientific Unions
(SCOPE—INTECOL—ICSU) Workshop on Spatial and Temporal
Variability for Biospheric and Geospheric Processes, National Research
Council, 1986.

Seminar on Cycling of Long-Lived Radionuclides, Madrid, Spain, Sep-
tember 1986.

Experimental Design and Data Management Workshop for the Environ-
mental Protection Agency Forest Response Program, Raleigh, North
Carolina, March 1986.

Integration/assessment team for the Environmental Protection
Agency—U.S. Department of Agriculture/Forest Service Forest
Response Program.

International Symposium on Whole Plant Physiology, Knoxville, Tennes-
see, October 1985; Exposure Systems Workshop for the Environmental
Protection Agency Forest Response Program, Raleigh, North Carolina,
March 1986; Laboratory Analytical Techniques Workshop for the
Environmental Protection Agency Forest Response Program, Raleigh,
North Carolina, March 1986; Site Classification and Field Measure-
ments Workshop for the Eanvironmental Protection Agency Forest
Response Program, Raleigh, North Carolina, March 1986.
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Professional Activities

Ad hoc reviewer:

BARNTHOUSE, L. W.

Member:

Participant:

Ad hoc reviewer:

BARTELL, S. M.
Member:
Advisor:

Ad hoc reviewer:

BLASING, T. J.

Faculty:

Ad hoc reviewer:

BLAYLOCK, B. G.

Member:
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Canadian Journal of Forest Research; proposals: NSF; Natural Environ-
mental Research Council, United Kingdom; U.S. Department of Agricul-
ture, Forest Service.

National Research Council Committee on Pyrethroids and Ecological
Risk Assessment.

1985 Washington Conference on Environmental and Health Risk Assess-
ment, Alexandria, Virginia, October 1985; Workshop on Approaches to
Ecological and Human Health Risk Analysis for Disposal of Contam-
inated Sediments and Human Consumption of Contaminated Seafood,
Seattle, Washington, December 1986; East Tennessee Chapter, Society
for Risk Analysis Workshop: Risk Analysis Methods Day, Knoxville,
Tennessee, April 1986; East Tennessee Chapter, Society for Risk
Analysis Workshop: Prioritization Techniques and Ranking Methods,
Oak Ridge, Tennessee, July 1986; International Congress of Ecology,
Syracuse, New York, August 1986.

Fisheries Research, Risk Analysis; Electric Power Research Institute,
Nebraska Public Power District, U.S. Army Corps of Engineers; propo-
sals: U.S. Air Force.

Environmental Sciences Division Computer Advisory Committee.
Alan Johnson, Ph.D. candidate, University of Tennessee.

Environmental Science and Technology, Aquatic Toxicology; NSF pro-
posals; review panel for Environmental Protection Agency Environmental
Biology Competitive Grants Program.

Adjunct Assistant Professor, Geography Department, University of
Tennessee.

Journal of Climate and Applied Meteorology, Science, Tree-Ring Bul-
letin, Climatic Change, Monthly Weather Review, Journal of Environ-
mental Quality; proposals: NSF.

National Council on Radiation Protection and Measurements, Committee
64, Task Group 2; Committee on Research on the Validation of Predic-
tive Models Using Chernobyl Data; Oak Ridge Task Force, Task Greup
V, Environmental Health and Risk Analysis; Union of Radioecologists
Working Group, Radioecology of Major Rivers.



Professional Activities

Participant:

Faculty:

Adyvisor:

Ad hoc reviewer:

BODEN, T. A.

Participant:

BOEGLY, W. J., Jr.

Member:

Faculty:

Ad hoc reviewer:

Other:

BOGLE, M. A.

Participant:

Ad hoc reviewer:
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Session ~ Chairman, Commission of the European Com-
munities/Department of Energy Cosponsored Symposium on the
Behavior of Tc in Terrestrial and Aquatic Environs, Seattle, Washington,
May 1986; Department of Energy/Office of Health and Environmental
Research Workshop on the Validation and Testing of Mathematical
Models with Real Data Sets, Washington, D.C., April 1986; BIOMOVS
Workshop on International Biospheric Model Validation, Paris, France,
February 1986.

Adjunct Professor, University of Tennessee.

James Fox, M.S. candidate, University of Tennessee; Linda Meyers,
Ph.D. candidate, University of Tennessee.

Health Physics; DOE proposal.

10th International CODATA Conference, International Council of Scien-
tific Unions, Ottawa, Canada, July 1986.

Committee on Utilities (A1A03), Transportation Research Board,
National Academy of Sciences/National Academy of Engineering; Dual
Systems Committee, American Water Works Association; Working Com-
mission W-62 (National Academy of Sciences/National Research Coun-
cil) on Water Supply and Drainage in Buildings; Committee D-34 on
Waste Disposal, Secretary, Subcommittee D-34.05 on Liner Systems,

"American Society for Testing and Materials; Research Committee,

Water Pollution Control Federation.

Part-time Associate Professor, University of Tennessee, Civil Engineering
Department.

EPRI and DOE proposals.

Environmental Sciences Division Energy Conservation Coordinator.

Second Annual Acid Rain Conference for the Southern Appalachians,
Gatlinburg, Tennessee, October 1985; Annual Review, Electric Power
Research Institute Stream Acidification Project, Washington, D.C., April
1986.

Proceedings of the Biological Society of Washington.
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Professional Activities

BONDIETTL E. A.

Participant:

Witness:

Ad hoc reviewer:

Other:

BOSTON, H. L.

Participant:

Ad hoc reviewer:

BRECK, J. E.

Participant:

Ad hoc reviewer:

Other:

CADA, G. F.

Participant:

Consultant:

Ad hoc reviewer:
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American Chemical Society Symposium on Radon, New York City,

April 1986; 2nd International Aerosol Symposium, Berlin, September
1986.

House Committee on Agriculture: Presented testimony on industry fund-
ing of acid rain effects research, May 1986.

Journal of Environmental Radioactivity.

Associate editor, Journal of Environmental Radioactivity.

Second Annual Acid Rain Conference for the Southern Appalachians,
Gatlinburg, Tennessee, October 1985; Environmental assessment of
aquatic impacts resulting from the operation of Agrifuel’s fuel ethanol
plant in the port of New Iberia, Louisiana.

Proposal: NSF Ecology Section; Aquatic Botany; 1ES for Remedial
Action Plan for Department of Energy’s Weldon Spring site.

Second Annual Acid Rain Conference for the Southern Appalachians,
Tennessee Valley Authority, Gatlinburg, Tennessee, October 1985; Sixth
Annual Meeting, Society of Environmental Toxicology and Chemistry,
St. Louis, Missouri, November 1985; Workshop on Predicting Responses
of Fish Populations to Acidification, Oak Ridge, Tennessee, May 1986;
116th Annual Meeting, American Fisheries Society, Providence, Rhode
Island, September 1986; preparation of Chemical Stockpile Disposal Pro-
gram Draft Programmatic Environmental Impact Statement.

Canadian Journal of Fisheries and Aquatic Sciences, Environment Inter-
national.

Division Coordinator for United Way.

71st Annual Meeting of the Ecological Society of America; preparation
of Final Environmental Statement for the Owens River Basin Cluster
Impact Assessment Procedure; Environmental Protection Agency Small
Hydropower Workshop, Chicago, Illinois.

U.S. Army Corps of Engineers, Mobile, Alabama.
American Fisheries Society journals; DOE proposais.




Professional Activities

CHRISTENSEN, S. W.

Chairman:

Participant:

Ad hoc reviewer:

CLAPP, R. B.
Member:

Participant:

Advisor:

Ad hoc reviewer:

COOK, R. B.

Member:

Participant:

Advisor:

Ad hoc reviewer:
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Workshop on Predicting Responses of Fish Populations to Acidification,
Holiday Inn, Oak Ridge, Tennessee, May 1986.

Second Annual Acid Rain Conference for the Southern Appalachians,
Gatlinburg, Tennessee, October 1985; Peer Review Workshop on the
Eastern Lake Survey Phase II Research Plan, Washington, D.C.,
November 1985; National Surface Water Survey, National Stream Sur-
vey, Mid-Atlantic Phase I and Southeast Screening Peer Review,
Atlanta, Georgia, January 1986.

Hudson River Foundation; Canadian Journal of Fisheries and Aquatic
Sciences.

Soil Water Committee; American Geophysical Union.

Southern Forestry Research and Environment Council, Broken Bow,
Oklahoma, August 1986; West Valley Interagency Review Committee,
West Valley, New York, November 1986.

Juanita Cherry, Science Teachers Research Involvement for Vital Educa-
tion (STRIVE) Program, Teacher, Joelton Middle School, Joelton,
Tennessee.

Water Resources Research, Journal of Hydrological Processes.

Environmental Sciences Division Planning Group for Space-Based
Environmental Research.

Annual review of Electric Power Research Institute project on Ecological
Effects of Acidification on Low-Order Woodland Streams, Washington,
D.C., April 1986; Soil Weathering Workshop sponsored by Electric
Power Research Institute and Environmental Protection Agency, Knox-
ville, Tennessee, May 1986; Gordon Conference on Environmental Chem-
istry: Water, New Hampton, New Hampshire, June 1986.

Coadvisor to Barbara W. Liukkonen, M.S. candidate, University of Min-
nesota, Duluth.

Water, Air, and Soil Pollution, Environmental Science and Technology;
American Chemical Society Symposium Series.



Professional Activitics

COUTANT, C. C.

Chairman:

Member:

Participant:

Faculty:

Adpvisor;

Ad hoc reviewer:

Other:

CUSHMAN, J. H.

Member:
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Lake Anna Technical Advisory Committee, Virginia Water Control
Board; Epvironmental Quality Advisory Board, City ‘of Oak Ridge;
ORNL /University of Tennessee Distinguished Lecturer Series (Cochair-
man); Tennessee Chapter of the American Fisheries Society (Program
Chairman).

Clinch River Monitored Retrieval Storage Task Force, City of Oak
Ridge/Roane County; Oak Ridge Interagency Task Force; ORNL
Wigner Fellowship Committee; ORNL General Energy Conservation
Committee; ORNL /University of Tennessee Joint Life Sciences Commit-
tee; Environmental Sciences Division Scientific Achievement Award
Committee.

Southern Division American Fisheries Society, Annual Meeting, Lexing-
ton, Kentucky, October 1985; Panel on Community Risk Information for
the Public, Oak Ridge, Tennessee, November 1985; Forum on Creation
and the Environment, First Methodist Church, Oak Ridge, Tennessee,
January 1986; Tremont Environmental Education, Great Smoky Moun-
tains National Park, Gatlinburg, Tennessee, May 1986; IV International
Congress in Ecology, Syracuse, New York, August 1986; American
Fisheries Society Annual Meeting, Providence, Rhode Island, September
1986.

Adjunct Professor, University of Tennessee, and Tennessee Technological
University, Cookeville.

Denise Benson, M.S. candidate, University of Tennessee; Mark S.
Bevelheimer, Ph.D. candidate, University of Tennessee.

National Oceanic and Atmospheric Administration Oceans Assessment
Division, International Association for Great Lakes Research, Texas
Parks and Wildlife Department, Wisconsin Sea Grant College Program;
Transactions of the American Fisheries Society, Fresh Water Fishes of
Virginia, Fishery Bulletin, Environmental Biology of Fishes, Proceedings
Southeastern Association of Fish and Wildlife Agencies, Water
Research, Journal of Freshwater Biology.

President-elect, Southern Division American Fisheries Society; Executive
Committee, Water Quality Section, American Fisheries Society; Associ-
ate Editor, American Fisheries Society.

Oak Ridge National Laboratory Performance Improvement Process com-
mittee member for R&D subcontracting procedures; Tennessee Valley
Authority Nonwoody Resource Assessment Task Force.




Professional Activities

Adyvisor:
Ad hoc reviewer:

Other:

CUSHMAN, R. M.
Adyvisor:
Ad hoc reviewer:

CUTSHALL, N. H.

Participant:

Ad hoc reviewer:

DALE, V. H.
Member:

Participant:
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Department of Energy’s Great Lakes Region Program.
Department of Energy’s Small Business Innovation Research Program.

President, Association for Women in Science, East Tennessee Chapter;
guest lecturer, Educational Enrichment Workshop for Accelerated Chil-
dren.

Susan L. Schuhardt, B.S. candidate, Northern Arizona University;
Dennis B. Miller, M.Env.S., Miami University.

Transactions of the American Fisheries Society.

Conference on Groundwater Protection Policies for the Tennessee Valley
and the Nation (chaired by Senator Albert Gore and sponsored by
Environmental and Energy Study Institute and TVA), Nashville, Tennes-
see, October 1985; Department of Energy Information Meeting on the
South Atlantic Bight Regional Marine Program, Skidaway Institute of
Oceanography, Savannah, Georgia, October 1985; IAEA Research Coor-
dination Meeting of the Coordinated Research Programme, Vienna, Aus-
tria, November 1985; meeting of the Oceanographic Subcommittee of the
Interagency Nuclear Safety Review Panel for Project Galileo, Augusta,
Georgia, December 1985; cochairman (with Dr. Donald Reish) of session
on Cycling of Contaminants, 6th International Ocean Disposal Sympo-
sium, Pacific Grove, California, April 1986.

DOE Small Business Innovation Research Program; National Science
Foundation, Division of Ocean Sciences.

Environmental Quality Advisory Board, City of Oak Ridge.

International Union of Forest Research Organisations Conference, Knox-
ville, Tennessee, October 1985; Tennessee Valley Authority Second
Annual Acid Rain Conference for the Southern Appalachians, Gatlin-
burg, Tennessee, October 1985; National Acid Precipitation Assessment
Program Workshop on Forest Models, Charlottesville, Virginia,
November 1985; Landscape Ecology Symposium, Athens, Georgia, Janu-
ary 1986; International Congress of Ecology and Ecological Society of
America Meeting, Syracuse, New York, August 1986; Workshop on
Array and Parallel Processing in Landscape Dynamics, Fort Collins,
Colorado, September 1986.
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Professional Activities

Advisor:

Ad hoc reviewer:

DAVIS, E. C.

Member:
Participant:

Adyvisor;

DeANGELIS, D. L.

Member;

Faculty:

Advisor;

Ad hoc reviewer:

DREIER, R. B.

Participant:

il

Faculty:

Advisor:

Other:
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Advisor for Howard L. Watson, middle school teacher, sponsored by Sci-
ence Teachers Research Involvement for Vital Education (STRIVE).

Ecology.

Review team for Department of Energy/Oak Ridge Operations legal
staff preparing Fernald, Ohio, litigation.

ORNL Radiochemistry Training Program, Oak Ridge National Labora-
tory, September—October 1986.

Linda R. Bauer, M.S. candidate, Purdue University.

Northern Lakes Long-Term Ecological Reserve (LTER) Site Review
Panel; Environmental Sciences Division Achievement Award Committee.

Adjunct faculty, University of Tennessee.

Anthony W. King, Ph.D. candidate, University of Tennessee; Joyce C.
Waterhouse, Ph.D. candidate, University of Tennessee.

Ecological Modelling, Environmental Biology of Fishes, Proceedings of
the Soil Science Society of America, American Naturalist, Journal of
Mathematical Analysis and Applications, Canadian Journal of Fisheries
and Aquatic Sciences; proposals: NSF.

Alabama Geological Society field trip, Sylacauga, Alabama, November
1985; Northeastern Geological Society of America field trip, Kiamesha
Lake, New York, March 1986; American Association of Petroleum Geol-
ogists Fractured Reserve Analysis short course, Great Falls, Montana,
August 1986.

Adjunct Assistant Professor, University of Tennessee.

Anne I. Scales, M.S. candidate, University of Tennessee; Cathy M.
Beaudoin, B.S. candidate, Beloit College; Ginny L. Gray, B.S. candi-
date, Austin Peay College; Joe Paul (final editing of M.S. thesis),
University of Tennessee.

Cochairman, Environmental Sciences Division United Way Campaign,
1986.
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Town of Farragut Hydrology Committee.

Sixth National Conference on Management of Uncontrolled Hazardous
Waste Sites, Washington, D.C., November 1985; Environmental Audits
Course, Arlington, Virginia, June 1986; preparation of Draft Environ-
mental and Occupational Safety Manual for Naval Inactive Ship
Maintenance Facilities (July 1986); Draft Environmental Survey Manual
for Department of Energy facilities; Preliminary Draft Environmental
Assessment for Renewal of Source Material License, Columbium-
Tantalum Division of Mallinckrodt, Inc.; Draft Environmental
Assessment for Williston Military Operations Area; Final Environmental
Assessment for Proposed Air Force Bombing Routes IR-140 and IR-128;
Final Environmental Assessment for Proposed Air Force Low Level
Training Route IR-607.

Ninth International Symposium on Polynuclear Aromatic Hydrocarbons,
Battelle, Columbus, Ohio, October—November 1985.

Forest Science, Pedobiologia, Journal of Environmental Quality, Ecol-
ogy; proposals: NSF, DOE, EPA.

Annual review of Electric Power Research Institute project on the Eco-
logical Effects of Acidification on Low-Order Woodland Streams, Wash-
ington, D.C., April 1986.

Advisory Panel, Ecosystem Studies Program, Division of Biotic Systems
and Resources, National Science Foundation.

Workshops on Watershed Biogeochemistry, Oak Ridge National Labora-
tory, July 1986.

Adjunct Professor, Graduate Program in Ecology, University of Tennes-
see, and Adjunct Faculty Member, Graduate Ecology Program, Univer-
sity of North Carolina, Chapel Hill.

Julie Segars, M.S. candidate, University of Tennessee; Amy D. Rose-
mond, M.S. candidate, University of North Carolina, Chapel Hill; Byron
S. Geerlings, B.S. candidate, Birmingham-Southern College, Birming-
ham, Alabama.

Biogeochemistry, Canadian Journal of Fisheries and Aquatic Science,
Journal of the North American Benthological Society, Limnology and
Oceanography, Journal of the American Water Works Association; pro-
posals: EPA, EPRI, and NSF.
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EMANUEL, W. R.

Member:

Ad hoc reviewer:

FRANCIS, C. W.

Ad hoc reviewer:

GARDNER, R. H.

Member:

Participant:

Faculty:

Consultant:

Ad hoc reviewer:

Other:

GARTEN, C. T.

Participant:

Advisor:

Ad hoc reviewer:

157 ORNL-6327

Environmental Sciences Division Graduate Student Selection Committee;
Working Groups on Land, Processes and Earth System Modeling,
NASA-~Earth System Sciences Committee.

Tellus, Journal of Geophysical Research; International Institute for
Applied Systems Analysis (IIASA) reports; NSF and NASA proposals.

Environmental Science and Technology, Environmental Experimental
Botany; DOE proposals.

Review of International Institute of Applied Systems Analysis Program
on Uncertainty Analysis, Laxenburg, Austria, April 1986; Buell Award
Selection Committee, 1986, at Annual Meeting of the Ecological Society
of America, Syracuse, New York, August 1986.

Gordon Research Conference on Fractals, August 1986; 12th Annual
Scientific Research Meeting, Great Smoky Mountains National Park,
Gatlinburg, Tennessee, May 1986; Symposium on the Role of Landscape
Heterogeneity in the Spread of Disturbance, University of Georgia,
Athens, January 1986; Workshop on Array and Parallel Processing in
Landscape Dynamics, Pingree Park, Colorado, September 1986; IV
International Congress of Ecology, Syracuse University, Syracuse, New
York, August 1986.

Adjunct Professor, University of Tennessee.

International Atomic Energy Agency, Vienna, April 1986; International
Institute of Applied Systems Analysis, June-July 1986.

Water Resources Research; International Atomic Energy Agency.

Charter member, U.S. Chapter of the International Association for
Landscape Ecology; Environmental Sciences Division Scientific Achieve-
ment Award, 1985.

Sixth Annual Meeting of the Society of Environmental Toxicology and
Chemistry, St. Louis, Missouri, November 1985; Behavior of Technetium
in Terrestrial and Aquatic Environs, Workshop on Research Status and
Needs, Seattle, Washington, May 1986 (session chairman).

J. Henrot, Ph.D. candidate, University of Tennessee.

NSF proposal.
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International Union of Forest Research Organisations Working Group
(PNW S1.02.09) on Management Impacts on Forest Productivity, served
as FORCYTE model users discussion facilitator, organized FORCYTE
discussion at annual working meeting, January 1986, Olympia, Washing-
ton; International Energy Agency/Forestry Energy project, The Nutri-
tional Consequences of Intensive Forest Harvesting on Site Productivity:
served as Weyerhacuser Company’s representative to project, and pro-
vided evaluation of productivity models.

International Union of Forest Research Organisations Whole Plant
Physiology Symposium, Knoxville, Tennessee, October 1985; IV Interna-
tional Congress of Ecology, Syracuse, New York, August 1986.

Geochemistry and Modeling Subcommittee of the Research Committee
of the Underground Injection Practices Council.

Adjunct Assistant Professor, University of Tennessee.

C. M. Lutz, Ph.D. candidate, University of Tennessee; J. Weber, Ph.D.
candidate, University of Tennessee.

Environmental Sciences Division Education Committee.

West Valley Interagency Technical Advisory Committee on Low-Level
Waste Disposal; Executive Committee, University of Tennessee Ecology
Program; Performance Improvement Program (PIP) Team investigating
hazardous waste reduction in Environmental Sciences Division.

Adjunct Associate Professor, University of Tennessee.

C. Dean Little, Ph.D. candidate, Florida State University, Scott B. Red-
man, M.S. candidate, Indiana University.

Environmental Science and Technology; DOE Small Business Incentive
Program.

Facilitator, ORNL Career Planning Program.

National Research Council Ad Hoc Panel on Impacts of Large Dams;
Department of Energy/Electric Power Research Institute Hydroelectric
Technology Transfer Committee; International Hydrological Programme
Project Team on Energy Policies and §trategies for Water Resource
Development.
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HOFFMAN, F. O.

Chairman:
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Fourth International Congress of Ecology, Syracuse, New York, August
1986; 1986 Annual Meeting of National Acid Precipitation Assessment
Program, Greenbelt, Maryland, June 1986; Symposium on Landscape
Ecology, Athens, Georgia, January 1986.

Faculty Associate, University of Tennessee.

NSF proposals.

Session Chairman and organizer for 1st BIOMOVS workshop: Testing of
Mathematical Models that Predict the Accumulation and Remobilization
of Radionuclides and Other Trace Substances in the Biosphere [National
Institute of Radiation Protection (NIRP) scientific consultant and U.S.A.
representative], Baden Switzerland, October 1985; General Chairman for
International Atomic Energy Agency Technical Advisory Meeting on
Methods for Evaluating the Reliability of the Predictions of Environmen-
tal Models, Vienna, Austria, November 1985; Session Chairman for
NIRP Workshop on International Biospheric Model Validation, Paris,
France, February 1986; Session Chairman and organizer for Commission
of the European Communities/Department of Energy-cosponsored Sym-
posium on the Behavior of Technetium in Terrestrial and Aquatic
Environs, Seattle, Washington, May 1986; Chairman for International
Atomic Energy Agency Consultants Meeting on Evaluation of the Relia-
bility of Model Predictions, Vienna, Austria, March 1986; International
Atomic Energy Agency Consultants Meeting on Environmental Transfer
Coefficients and Applications to Developing Countries, Carmel, Califor-
nia, June 1986; and Department of Energy/Office of Health and
Environmental Health Workshop on the Validation and Testing of Food
Chain Transfer Models, Department of Energy Headquarters, German-
town, Maryland, April 1986.

Scientific Committee 64, Task Group 6, of the National Council of Radi-
ation Protection and Measurements; Oak Ridge Task Force, Task Group
V, Environmental Health and Risk Analysis; and International Union of
Radioecologists (candidate for board of directors).

Eliana C. Amaral, Institute of Radiation Protection and Dosimetry,
Department of Environmental Radiological Protection, Rio de Janeiro,
Brazil, and International Atomic Energy Agency, Vienna.

International Atomic Energy Agency, Vienna, Model Reliability
Analysis; International Atomic Energy Agency, Vienna, Evaluation of
Environmental Transfer Coefficients; Swedish National Institute for
Radiation Protection, BIOMOYVS project.
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Chairman;
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Environmental Sciences Division Scientific Achievement Award Commit-
tee.

ORNL Project Management Training, October 1985, Oak Ridge,
Tennessee.

Adjunct Associate Professor, University of Tennessee.
Civil Engineering Department, University of Tennessee.

DOE Small Business Innovation Research Program; U.S. Geological
Survey Interpretive Hydrologic Reports.

Vice-Chairman, Ecology Committee, Water Pollution Control Federa-
tion.

Marine Water Quality Committee and Program Committee, Water Pol-
lution Control Federation; Environmental Sciences Division Education
Committee,

Follow-up/Audit of Environmental Results, October 1985, Banff Centre,
Banff, Canada; 58th Annual Water Pollution Control Federation Confer-
ence, October 1985, Kansas City, Missouri; ORNL classes on Managing
Conflict, November 1985, and Oral Technical Presentation Design, May
1986; STORET training course, August 1986, ORNL; Power Communi-
cation Skills for Women, September 1986, Knoxville.

Nancy J. Lambert, B.S. candidate, Grinnell College.

Journal of the Water Pollution Control Federation, The Environmental
Professional; 1985 National Acid Precipitation Assessment Program
Annual Report; Rock Creek Watershed, Tennessee Petition Evaluation
Document/ Environmental Impact Statement (draft).

Editorial Board for The Environmental Professional; Sigma Xi Centen-
nial Planning Committee; membership chairperson, Association for
Women in Science, East Tennessee Chapter; Environmental Sciences
Division undergraduate student advisor; Oak Ridge Associated Universi-
ties Traveling Lecture Program.

Ecological Society of America Symposium on Ecosystem and Community
Implications of Population Models, Ecological Society  of
America/International Congress of Ecology (ESA/INTECOL) meetings,
Syracuse, New York, August 1986.

Workshop for preparation of Costa Rica Long-Term Ecological Research
proposal, University of Florida, Gainesville, August 1986.
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Faculty:
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JACOBS, G. K.

Chairman:

Member:

Participant:

Ad hoc reviewer:

JIMENEZ, B. D.

Member;

Participant:

Advisor:

JOHNSON, D. W.

Member:

Facuity:
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Adjunct Associate Professor, University of Tennessee; lecturer, Woods
Hole Marine Biological Laboratory, Graduate Course in Marine Ecology,
July 1986 (invited).

Ecology, American Naturalist, Conservation Biology, Biotropica.

ORNL/Nuclear Regulatory Commission Workshop: Radionuclide Sorp-
tion Modeling Related to High-Level Nuclear Waste Repository
Performance Assessment, Silver Spring, Maryland, May 1986.

Environmental Sciences Division Computer Advisory Committee;
Environmental Sciences Division Seminar Committee; Chemical Thermo-
dynamics Advisory Committee.

Geological Society of America Annual Meeting, Orlando, Florida,
October 1985; NRC Workshop on the Validation of Mathematical
Models for Waste Repository Performance Assessment, Bethesda, Mary-
land, January 1986; EQ3/6 Geochemical Model Workshop, Oak Ridge,
Tennessee, July 1986; American Chemical Society National Meeting,
Anaheim, California, September 1986.

Nuclear Safety; American Chemical Society Petroleum Research Fund.

Proposal Review Committee for the National Research Council on the
selection of Ford Foundation Fellows; 1985 Ford Foundation Conference
Planning Committee of the National Research Council.

Life Sciences presentation session of the 1985 Ford Foundation Confer-
ence, Washington, D.C., November 1985; Environmental Protection
Agency Workshop on Finfish as Indicators of Toxic Contamination in
Estuaries, Airlie, Virginia, July 1986.

Lisa S. Burtis, M.S. candidate, University of Tennessee; Susan D.
Meads, B.S. candidate, Birmingham-Southern College; and Gabriela
Cacheiro, B.A. candidate, University of Tennessee.

Oversight Committee, Environmental Protection Agency Watershed
Manipulation Project; Advisory Panel, Eastern Brooks Watershed Study
Peer Review Panel; Florida Acid Deposition Study Fertilization Commit-
tee; International Union of Forest Research QOrganisations.

Adjunct Professor, College of Forestry, Fisheries, and Wildlife, Univer-
sity of Tennessee.
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JOHNSTON, J. W.
Member:;

Ad hoc reviewer:

KIMMEL, B. L.

Member:
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Advisor:

Ad hoc reviewer:

KROODSMA, R. L.
Member:

Participant:
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Journals of Soil Science Society of America, Journal of Environmental
Quality, Biogeochemistry, Water, Air, and Soil Pollution; NSF and
USDA proposals.

Associate Editor, Journal of Environmental Quality.

Selection Committee for Monoculture Viability Trial proposals.

Risk Analysis Journal; proposals: USDA Competitive Research Grants
Office.

Editorial Board, Lake and Reservoir Management, North American
Lake Management Society; Project Team, Lake Restoration Guidance
Manual, North American Lake Management Society.

Cyanophyte Dominance and Water Quality Symposium, University of
Oklahoma, Norman, March 1986; North American Lake Management
Society Annual Meeting, and International Symposium on Lake and
Reservoir Management, Portland, Oregon, October 1983.

Adjunct Assistant Professor, Department of Zoology, University of
Oklahoma, Norman; Faculty Associate, Graduate Program in Ecology,
University of Tennessee.

ORNL~Environmental Sciences Division primary research advisor and
cochairman of Ph.D. advisory committee: Alan W. Groeger, Ph.D. candi-
date, University of Oklahoma; graduate committee member: Tina John-
son, M.S. candidate, University of Tennessee; Clell Ford, M.S. candidate,
University of Tennessee; Mary Evans Culver, M.S. candidate, University
of Tennessee.

Ecology, Ecological Monographs, Journal of the American Water Works
Association, The Southwestern Naturalist, Lake and Reservoir Manage-
ment, Journal of Freshwater Ecology, Journal of the Tennessee
Academy of Sciences; NSF and DOE/ERD proposals.

Oak Ridge Reservation Resource Management Organization.

Preparation of environmental assessments for Air Force Low Level Flight
Route IR-607, Air Force Bombing Competition Route IR-140/428, and
Air Force Williston Military Operations Area Subsonic Operations; Final
Environmental Impact Statement for Winnersville Weapons Range;
assessment of the public health impacts from the accidental release of
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UF¢ at the Sequoyah Fuels Corporation facility at Gore, Oklahoma;
reviews of environmental monitoring plans submitted to the Synthetic
Fuels Corporation.

DOE Small Business Innovation Research Program.

Forest Resources Committee, Southeastern Regional Biomass Program,
Task Force Meeting, Atlanta, Georgia, February 1986; Program Review,
July 1986.

International Energy Agency Task II Activity Workshop, Forest Crop
Nutrition: Production, Prices, and Pathways, Kingston, Ontario, May
1986; Society of American Foresters North American Forest Biology
Workshop, Oklahoma State University, June 1986; International Union
of Forest Resource Organisations Symposium on Whole Tree Physiology,
Knoxville, Tennessee, October 1985.

Lecturer in Biomedical Sciences, Graduate School of Biomedical Sci-
ences, University of Tennessee.

Proposals: New York State Energy Research Development Agency, DOE
Small Business Innovation Research Program, Great Lakes Regional
Biomass Program, U.S. Department of Agriculture Competitive Research
Grants.

Southern Regional Clay Mineralogy Work Group, Technical Committee
S-152, U.S. Department of Agriculture.

Southern Regional Clay Mineralogy Work Group, Technical Committee
S-152 meeting, Raleigh, North Carolina, May 1986; invited speaker, Soil
Science Society of Korea meeting, Teagu, Korea, July 1986; Nevada Test
Site Work Group meeting, Las Vegas, Nevada, September 1986.

Adjunct Associate Professor, University of Tennessee.
D. H. Phillips, M.S. candidate, University of Tennessee; R. E. Lambert,
M.S. candidate, University of Tennessee.

Soil Science, Soil Science Society of America Journal, Clays and Clay
Minerals, Journal of Environmental Quality, Nuclear and Chemical
Waste Management.

President of Tennessee Chapter of The Korean Scientists and Engineers
Association in America.
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LOAR, J. M.

Chairman:
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Technical Committee, International Conference on Heavy Metals in the
Environment; Organizing Committee, National Acid Precipitation
Assessment Program Workshop on Dry Deposition Methodology; Panel
on Atmosphere/Canopy Interactions, Department of Energy Workshop
on Atmospheric Cflemistry.

Editorial Board, Advances in Environmental Science; Executive Commit-
tee, National Atmospheric Deposition Program; Mercury Working
Group, United Nations Scientific Committee on Problems in the
Environment; Organizing Committee, International Conference on
Environmental Chemistry; MAP3S/RAINE Precipitation Chemistry
Network; review team, Eastern Brook Lakes Watershed Study.

North Atlantic Treaty Organisation Advanced Workshop on Deposition
to Mountainous Terrain, Edinburgh, Scotland, September 1986; National
Atmospheric Deposition Program Annual Meeting, Fort Collins,
Colorado, October 1985; Workshop on Measuring Trace Metals in Rain,
Toronto, Canada, January 1986; National Acid Precipitation Assessment
Program Workshop on Dry Deposition Methodology, Harpers Ferry,
West Virginia, March 1986.

Chris Potter, Ph.D. candidate, Emory University; Will Petty, summer
student, Grinnell College.

Springer Verlag; John Wiley & Sons; proposals: NSF, University of Kan-
sas, DOE, EPRI, USDA, National Research Council of Canada;
Canadian Journal of Forest Research, Biogeochemistry, Water, Air, Soil
Pollution, Health Physics, Environmental Science and Technology, Sci-
ence, Atmospheric Environment, Journal of Geophysical Research, Jour-
nal of Environmental Quality, Journal of the Air Pollution Control
Association.

Secretary and Chairman-elect, National Atmospheric Déposition Pro-
gram.

Work Group on Aquatic Habitats, Oak Ridge Reservation Resource
Management Committee.

Fishery Study Group, Oak Ridge Task Force.

International Union of Forest Research Organisations Working Party on
Whole-Plant Physiology.
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American Registry of Certified Professionals in Agronomy, Crops and
Soils; Regional Technical Committee (S-185) on Spatial and Temporal
Variability of Soil Characteristics and Material Fluxes in Field Soils;
review panel for the National Forest Response Research Program’s
Southern Commercial Forest Research Cooperative, March 1986,
Raleigh, North Carolina; review panel for the National Acid Precipita-
tion Assessment Program’s Watershed Manipulation Project Research
Plan, June 1986, Atlanta, Georgia.

XIII Congress of the International Society of Soil Science, Hamburg,
Federal Republic of Germany, August 1986; 18th International Union of
Forest Research Organisations World Congress, Ljubljana, Yugoslavia,
September 1986.

Faculty Associate, Plant Physiology and Genetics Program, Life Sciences
Graduate Program, University of Tennessee.

Pedobiologia, Soil Science Society of America Journal, Tree Physiology;
proposals: DOE, U.S. Forest Service, USDA.

Host for IUFRO Symposium on Coupling of Carbon, Water and
Nutrient Interactions in Woody Plant Soil Systems, Knoxville, Tennes-
see, October 1985; Associate Editor for Soil Science Society of America
Journal and Tree Physiology.

International Congress of Ecology/Ecological Society of America meet-
ing, Syracuse, New York, August 1986.

Canadian Journal of Forest Research.

Environmental Protection Agency Superfund Innovative Technology
Evaluation Program Meeting, Edison, New Jersey, February 1986; Waste
Management 1986, Tucson, Arizona, March 1986; session chairman,
HazMat ’86, Atlantic City, New Jersey, June 1986; Department of
Energy Defense Waste and Transportation Management Lead Site Pro-
gram Interface Meeting, Denver, Colorado, June 1986; Department of
Energy Hazardous Waste Technical Review Group, Augusta, Georgia,
January 1986; Department of Energy Hazardous Waste Technical
Review Group, Oak Ridge, Tennessee, May 1986; Department of Energy
Hazardous Waste Technical Review Group, Alexandria, Virginia, July
1986; U.S. Air Force Systems Command Environmental Coordinators’
Installation Restoration Program Workshop, Cocoa Beach, Florida, Sep-
tember 1986.
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Advisor:
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Advisor:
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Panel on the Role of Humics in Contaminant Transport and Fate,
National Research Council.

Committee on Biological Markers, National Research Council; Army
Corps of Engineers Workshop on Regulation and Identification of
Petroleum Hydrocarbons in Sediment, Vicksburg, Mississippi, May 1986.

M. C. Black, Ph.D. candidate, University of Tennessee; L. J. Shepard,
M.S. candidate, Indiana University; L. A. Woodward, Ph.D. candidate,
University of Tennessee; W. D. Burton, Ph.D. candidate, University of
Tennessee; Secondary Advisor to S. S. Talmage, Ph.D. candidate,
University of Tennessee; M. T. Kay, Great Lakes College Association; D.
Jacobson, B.S. candidate, Florida State University.

Environmental Science and Technology, Aquatic Toxicology, Archives of
Environmental ~ Contamination  and  Toxicology,  Journal of
Environmental Quality, Environmental Pollution; DOE proposals.

Adjunct Professor, University of Tennessee.

A. Stam, Ph.D. candidate, University of Tennessee; T. Leininger, Ph.D.
candidate, Virginia Polytechnic Institute and State University.

Adjunct Professor, University of Tennessee.

Environmental Sciences Division Seminar Committee.

Proposals: NSF and The Hudson River Foundation; Ecology, Journal of
the North American Benthological Society.

Symposium Operations Committee for the International Union of Forest
Research Organisations (IUFRO) Symposium on Whole-Plant Physiol-
ogy, Knoxville, Tennessee, October 1985; Spruce-Fir Research Planning
Workshop II, U.S. Forest Service, Philadelphia, January 1986; IUFRO
Workshop, Techniques and Approaches in Forest Tree Ecophysiology,
Ithaca, New York, August 1986.

Thelberstine Barbee, M.S. candidate, Tuskegee Institute; Betsy
Batchelor, Oak Ridge High School.

Tree Physiology, Journal of Environmental Quality; U.S. Forest Service;
proposals: DOE Short Rotation Woody Crops Program.
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OLSON, R. J.

Participant:

Ad hoc reviewer:

Other:

O’NELLL, R. V.

Member:
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Department of Energy Southeast Marine Program SPREX (Spring
Runoff Experiment) Workshop, Athens, Georgia, April 1986; Session
Chairman, Geochemical Tracers, Department of Energy Workshop on
Future Research in the Savannah Estuary and Southeastern Atlantic
Shelf, Skidaway Institute of Oceanography, Savannah, Georgia, October
1986.

Health Physics, Journal of Geophysical Research—Oceans; proposals:
National Oceanic and Atmospheric Administration National Sea Grant
College Program and The Hudson River Foundation.

Fifthh Annual Conference and International Symposium on Applied Lake
and Watershed Management, Lake Geneva, Wisconsin, November 1985;
Assessment Planning Workshop, National Acid Precipitation Assessment
Program, Coolfont, West Virginia, November 1985; Workshop on Geo-
graphic Information Systems for Environmental Protection, Environmen-
tal Protection Agency, Las Vegas, Nevada, January 1986; Experimental
Design and Data Management Quality Assurance Methods Manual
Development Workshop (Co-Group Leader), Environmental Protection
Agency, Raleigh, North Carolina, March 1986; Internationally Compati-
ble Environmental Data, a CODATA Workshop (session recorder),
CODATA, Montreal, Quebec, May 1986; National Acid Precipitation
Assessment Program 1986 Annual Meeting, Greenbelt, Maryland, June
1986; Environmental Trends Indicators Meeting, Council on Environ-
mental Quality, Washington, D.C., June 1986; Tenth International
CODATA Conference, Ottawa, July 1986; Need of a National Biological
Survey Meeting, President’s Commission on Americans Outdoors, Wash-
ington, D.C., July 1986.

Technologies to Maintain Biological Diversity, Office of Technology
Assessment.

Witness: Acid Rain Investigative Hearings organized by Congressman
D. R. Obey, July 1986, Rhinelander and Stevens Point, Wisconsin.

National Academy of Sciences Committee on Planetary Biology;
Advisory Committee, Department of Energy Office of Health and
Environmental Research Arctic Ecosystems Program; Advisory Commit-
tee, Niwott Ridge National Science Foundation Long-Term Ecological
Reserve (NSF-LTER) Program; Advisory Committee, Grasslands NSF-
LTER Program; Advisory Committee, Northern Lakes NSF-LTER Pro-
gram; Martin Marietta Publication Awards Committee; Performance
Improvement Program Committee on Document Review Procedures.
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Ad hoc reviewer:

PALUMBO, A. V.

Participant:
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PARR, P. D,

Chairman:

Member:

Participant:
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Scientific Committee on Problems of the Environment (SCOPE) Interna-
tional Meeting on Global Change; Department of Energy Biomedical and
Environmental Seminar Series; Ecological Society of America Sympo-
sium on Network Theory; Ecological Society of America Symposium on
Modeling Complex Systems.

Adjunct Professor, Ecology Program, University of Tennessee; seminar
course on Hierarchy Theory, University of Tennessee.

Dean Urban, Ph.D. candidate, University of Tennessee; Anthony King,
Ph.D. candidate, University of Tennessee.

Proposals: Ecology Program, NSF; Ecosystem Studies Program, NSF;
Global Ecology Program, NASA; DOE-OHER; Environmental Manage-
ment, American Naturalist; Prentice-Hall, Columbia University Press,
SCOPE.

Second Annual Acid Rain Conference for the Southern Appalachians,
Gatlinburg, Tennessee, October 1985; 86th Annual Meeting of American
Society for Microbiology, Washington, D.C., March 1986; Joint Ameri-
can Society for Microbiology—Canadian Society of Microbiology Sym-
posium on Environmental Insult and Recovery of Stressed Systems,
Toronto, Canada, June 1986; Electric Power Research Institute stream
study, Washington, D.C., April 1986; Second Investigators Meeting,
Department of Energy/Savannah River Laboratory Subsurface Micro-
biology Program, Germantown, Maryland, September 1986.

Research Associate, University of Tennessee; guest lecturer for course in
Limnology, University of Tennessee.

National Environmental Research Park Group for Department of
Energy-Oak Ridge Reservation Resource Management Committee,

Subcommittee to Review the Cost/Benefits of the Forest Management
Program; Task Group to Review the Barrier/Lock System on the Oak
Ridge Reservation; Task Group to Review the Oak Ridge National
Environmental Research Park; Environmental Sciences Division Awards
Committee; ORNL/Oak Ridge Associated Universities Pre-College Sci-
ence Education Advisory Committee.

Plant Conservation Strategies: Options for the Future, Lakeland College,
Mentor, Ohio, May 1986; 12th Annual Scientific Research Meeting,
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Great Smoky Mountains National Park, May 1986; Biosphere Reserve
Meeting for current and potential members of the Southern Appalachian
Highland Cluster Group, Great Smoky Mountains National Park,
December 1985; Annual Meeting of Association of Southeastern Ecolo-

. gists, Columbia, South Carolina, April 1986; Annual Meeting of Ecologi-

cal Society of America, Syracuse, New York, August 1986.

Larry R. Pounds, Ph.D. candidate, University of Tennessee; Katie Green-
berg, M.S. candidate, University of Tennessee.

Summer student: Rhonda K. Jones, Undergraduate, Fort Valley State
College, Georgia; fall student: Wendy Sera, Undergraduate, Earlham
College, Indiana.

Ocean Sciences Meeting of American Geophysical Union and American
Society of Limnology and Oceanography, New Orleans, Louisiana, Janu-
ary 1986; American Geophysical Union Spring Meeting, Baltimore,
Maryland, May 1986; Symposium on Marine Sciences, Institute of
Marine Sciences, National Sun Yat-sen University, Kaohsiung, Taiwan,
Republic of China, August 1986.

National Science Foundation (marine chemistry, polar studies); Depart-
ment of Energy (carbon dioxide research); Natural Environment
Research Council, United Kingdom; Journal of Geophysical Research,
Earth and Planetary Sciences Letter, Science, Nature, Deep-Sea
Research.

Associate Professor, University of Tennessee.

American Naturalist, Theoretical Population Biology; ORNL Global
Carbon Cycle Program.

Technical Association of the Pulp and Paper Industry.

American Association for the Advancement of Science/Society of Ameri-
can Foresters representative on silviculture to the India National Science
Academy and Indian Environment Ministry; Society of American Fores-
ters intermediary participant on U.S. Department of Agriculture-Forest
Service national forest management plans; session chairman on Biotech-
nology, 1986 Technical Association of the Pulp and Paper Industry R&D
Conference; session chairman on Silviculture, 1986 Southern Forest
Biomass Workshop.
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Registered on Forestry Support Group (U.S. Department of Agriculture
Forest Service) for the U.S. Agency for International Development;
Technical Steering Committee, Department of Energy Regional Program
for the Great Lakes Region.

U.S. Agency for International Development; Forest Science; DOE Small
Business Innovation Research Program.

Executive Committee, Graduate Program in Ecology, University of
Tennessee.

U.S. Air Force Final Environmental Assessment, Proposed Low Level
Training Route IR-276/276A, Arizona, Utah, and New Mexico; Draft
Regulatory Guide, Nuclear Regulatory Commission, Standard Format
and Contents of Environmental Reports for the License Renewal of Fuel
Fabrication and UFg Conversion Facilities.

Faculty Associate, University of Tennessee.

National Board of Governors, The Nature Conservancy; Chairman, Pub-
lic Affairs Committee, Ecological Society of America; Governing Coun-
cil, Ecological Society of America; Executive Council, Association of
Ecosystem Research Centers; Biology Review Panel, Environmental Pro-
tection Agency; Environmental Advisory Group, Gas Research Institute;
Policy Committee, Center for Environmental Biotechnology, The Univer-
sity of Tennessee; Board of Visitors, Indiana University School of Public
and Environmental Affairs; Sigma Xi; Ecological Society of America;
American Association for the Advancement of Science; Association of
Southeastern Biologists; Tennessee Conservation Foundation; Interna-
tional Association for Ecology (INTECOL).

Employee Performance Evaluation Committee, Martin Marietta Energy
Systems, Inc.; Special Awards Program, 37th International Science and
Engineering Fair, Department of Energy.

Adjunct Professor, University of Tennessee.
Ecology, Pedobiologia, Science; Springer-Verlag; proposals: DOE, NSF.

Editorial Board, Pedobiologia; Series Editor, Advanced Texts in the Life
Sciences, Springer-Verlag.

Statistical Analysis System Users Group International Conference,
Atlanta, Georgia, February 1986; STORET Users Conference, Leesburg,
Virginia, May 1986; STORET Training Seminar, Oak Ridge National
Laboratory, August 1986.
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Computer Advisory Committee, Environmental Sciences Division, Oak
Ridge National Laboratory.

Technical Advisory Committee for Pacific Gas and Electric Company on
research related to instream flow needs below hydroelectric projects;
Technical Advisory Committee for the U.S. Forest Service, Southern
Timber Supply Study, to assist in the development of a predictive model
‘to manage fishery resources affected by land management actions.

G. M. Kondolf, Ph.D. candidate, The Johns Hopkins University.

Transactions of the American Fisheries Society, Canadian Journal of
Fisheries and Aquatic Sciences, Water Resources Bulletin.

Energy from Biomass and Wastes X, Washington, D.C., April 1986;
preparation of Solar Energy Research Institute Alcohol Fuels Assess-
ment; ORNL review of public comments on the Department of Energy
Draft Area Recommendation Report for a High-Level Radioactive
Waste Repository in Crystalline Rock; preparation of comments on
Environmental Protection Agency’s Proposed Hazardous Waste Manage-
ment System Rule: Companion rule to the first codification rule.

Proposals: Energy Policy Development and Conservation Project, Agency
for International Development (AID).

Recombinant DNA Advisory Committee, National Institutes of Health,
January and September 1986.

CERCLA /Superfund Law and Regulations, Government Institutes train-
ing course, Rosslyn, Virginia, October 1985; RCRA Regulations course,
Government Institutes training course, Rosslyn, Virginia, October 1986;
Environmental Laws and Regulations ’86 update course, Government
Institutes training course, Arlington, Virginia, April 1986; RCRA 1986,
Hazardous Waste Treatment Council course, Alexandria, Virginia, May
1986, Hazardous Materials Transportation, Unz and Company seminar,
Atlanta, Georgia, August 1986; HazMat 86, Fourth Annual Hazardous
Materials Management Conference/Exhibition, Atlantic City, June 1986;
IVth International Congress of Ecology/Ecological Society of America
Annual Meeting, Syracuse, New York, August 1986.

Working Group on Genetic Engineering and Biotechnology Safety,
United Nations Environment Program, Nairobi, Kenya.
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Science, BioScience, Technology and Human Values; Cloning and the
Constitution: An Inquiry into Governmental Policymaking and Genetic
Experimentation, University of Wisconsin Press.

Member, Public Affairs Committee, Ecological Society of America;
member, Awards Committee, Association for Women in Science, East
Tennessee Chapter; Tennessee representative, Public Responsibilities Net-
work, American Institute of Biological Sciences.

Technical Council, Ecological Effects Committee, Air Pollution Control
Association; Task Group V, Terrestrial Effects, National Acid Precipita-
tion Assessment Program; Executive Committee (Past Chairman),
National Atmospheric Deposition Program; Budget Advisory Committee,
National Atmospheric Deposition Program; Science Advisory Panel,
Eastern Hardwoods Research Cooperative (Senior Technical Advisor),
U.S. Forest Service.

National Atmospheric Deposition Program Annual Meeting, Fort Col-
lins, Colorado, October 1985; U.S. Forest Service Workshop on Eastern
Hardwood Forest Decline, Philadelphia, Pennsylvania, January 1986;
WATTec Conference, Knoxville, Tennessee, February 1986; National
Acid Precipitation Assessment Program Fourth Annual Meeting,
Greenbelt, Maryland, May 1986; National Air Pollution Workshop, Chi-
cago, Illinois, April 1986.

Adjunct Professor, Virginia Polytechnic Institute and State University,
Blacksburg, Virginia.

D. E. Carpenter, D.Env. candidate, University of California, Los
Angeles.

Science, Journal of the Air Pollution Control Association, Journal of
Environmental Quality, Environmental and Experimental Botany,
Water, Air, and Soil Pollution, Canadian Journal of Forest Research;
proposals: DOE, EPA, EPRI, and USDA.

Advisory Committee, Oak Ridge Graduate School of Biomedical Sci-
ences, University of Tennessee/Biology Division; Ph.D. qualifying exam
committee in biochemistry, Graduate School of Biomedical Sciences,
University of Tennessee/Biology Division.

Windel Stracener, B.S. candidate, Earlham College; Jeff Daniels, B.S.
candidate, Birmingham-Southern College; Dan Jacobson, B.S. candidate,
Florida State University; S. S. Talmage, Ph.D. candidate, University of
Tennessee; Les Recio, Ph.D. candidate, University of Kentucky; Clinton
Dixon, summer faculty participant, Fort Valley State College, Fort Val-
ley, Georgia.
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Ad hoc reviewer: Environmental Science and Technology, Aquatic Toxicology, Archives of
Environmental Contamination and Toxicology, Journal of Environmen-
tal Quality, Environmental Pollution; DOE proposals.

Other: Ph.D. thesis committee member for Sylvia Talmage and Linda Meyers,
University of Tennessee.

SIGAL, L. L.
Chairman: 18th Annual Air Pollution Workshop, Chicago, Illinois, April 1986.

Member: Environmental Sciences Division Awards Committee; Cochairperson,
Environmental Analyses Section confabulations; United Way solicitor.

Participant: Performance meeting with Weston consultants for the Tactical Air Com-
mand Environmental Compliance and Management Program (ECAMP)
contract, December 1985; site visits for Vandenberg Air Force Base
Biomonitoring Program, October-December 1985; meetings with Depart-
ment of Energy Office of Audits and Compliance, January and March
1986; oversee Weston consultants for ECAMP assessment at MacDill
Air Force Base, Florida, January 1986; site visit to Newport Army
Ammunition Plant for the Draft Programmatic Environmental Impact
Statement (DPEIS) for the Department of Army Chemical Stockpile
Disposal Program, April 1986, and meetings with state agencies; scoping
meetings for the DPEIS in Salt Lake City, Utah, and Denver, Colorado,
April 1986; attendance at congressional hearing for the DPEIS in Rich-
mond, Kentucky, July 1986; and public hearing for DPEIS, Richmond,
Kentucky, August 1986; presentations at the public meetings on the
DPEIS at Tooele, Utah, August 1986, and Umatilla, Oregon, August
1986.

Ad hoc reviewer: American Journal of Botany, The Bryologist, Water, Air, and Soil Pol-
lution.

Other: Advisor to Suzanna Kirk, Robertsville High School Science Fair, April
1986.

SMITH, E. D.

Participant: Department of Energy internal review of Nuclear Waste Policy Act pro-
gram documents and Department of Energy environmental impact state-
ments; Department of Energy Nuclear Waste Policy Act Environmental
Assessment Workshop, Washington, D.C., October 1985; 6th National
Conference on Management of Uncontrolled Hazardous Waste Sites,
Washington, D.C., November 1985; U.S. Geological Survey Southeast
Region Ground-Water Modeling Workshop, Knoxville, Tennessee,
November 1985; Nuclear Regulatory Commission Workshop on Valida-
tion of Mathematical Models for Waste Repository Performance Assess-
ment, Bethesda, Maryland, January 1986; 3rd National Conference on
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Hazardous Wastes and Hazardous Materials, Atlanta, Georgia, March
1986; Meeting on Prioritization Techniques/Ranking Methods, East
Tennessee Chapter of the Society for Risk Analysis, Oak Ridge, Tennes-
see, July 1986; Save Our Cumberland Mountains review of Office of
Surface Mining proposed actions and environmental impact statement.

Environmental Effects Section Editor, Nuclear Safety; Secretary, Associ-
ation for Women in Science, East Tennessee Chapter.

Education Committee, Ecological Society of America, 1983-1987; Judge,
Murray F. Buell Award Committee, Ecological Society of America.

Argonne Peer Review Panel for Radwaste Site Selection.

Career Planning Course, ORNL, fall 1985; Workshop on Climate and
Vegetation Interactions, Greenbelt, Maryland, January 1986; meeting on
Modeling Plant Response to CO,, Raleigh, North Carolina, March 1986;
Workshop on Tree Rings and Forest Mensuration, Tucson, Arizona,
April 1986; Biennial Meeting of American Quaternary Association,
Urbana, Illinois, June 1986; International Conference on Health and
Environmental Effects of Ozone Modification and Climate Change,
Arlington, Virginia, June 1986; International Association for Vegetation
Science Field Excursion, southern Norway, July 1986; International Eco-
logical Congress and Ecological Society of America Meeting, Syracuse,
New York, August 1986; International Symposium on Ecological Aspects
of Tree-Ring Analysis, Tarrytown, New York, August 1986.

Proposals: NSF; Vegetatio, American Naturalist, Ecology/Ecological
Monographs, American Journal of Botany.

Division Facilitator, Performance Improvement Process.

Performance Improvement Process Team, Environmental Sciences Divi-
sion Document Preparation Process.

Eighth Symposium on Biotechnology for Fuels and Chemicals, Gatlin-
burg, Tennessee, May 1986; annual meetings, Phycological Society of
America and American Society for Limnology and Oceanography, Kings-
ton, Rhode Island, June 1986; Subcontractors’ Annual Review Mecting,
Aquatic Species Program, Solar Energy Research Institute, Golden,
Colorado, September 1986.

BioSystems.

Patterner, Martin Marietta Career Planning Workshop; Leader, ad hoc
Environmental Sciences Division computer training class.
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Proposals: U.S. Navy; Environmental Science and Technology, Water,
Air, and Soil Pollution, Environmental Toxicology and Chemistry.

Lynn Adams, Ph.D. candidate, University of Tennessee; Janet Burris,
M.S. candidate, University of North Carolina at Chapel Hill; David
Rosenberg, B.S. candidate, State University of New York at Bingham-
ton.

Limnology and Oceanography, Journal of Freshwater Ecology; propo-
sals: NSF Ecology Program.

Geology Subcommittee of the ORNL Resource Management Committee;
Town of Farragut Hydrology Committee.

Geological Society of America (GSA) Membership Committee;
Southeastern GSA Student Support Committee; Commission on
Hazardous Waste of the International Association of Hydrogeologists;
Environmental Sciences Division Education Committee; Auburn Univer-
sity Science and Math Advisory Committee; University of Tennessee
Geosciences Advisory Committee; Oak Ridge Associated Universities
Review Panel on Department of Energy Fellowships.

Annual Meeting, GSA, Orlando, Florida, October 1985; National Water
Well Association Meeting, New Orleans, Louisiana, March 1986;
Southeastern Section of GSA, Memphis, Tennessee, March 1986; Ameri-
can Association of Petroleum Geologists Annual Meeting, Atlanta, Geor-
gia,- June 1986; Underground Injection Practices Council Meeting, San
Antonio, Texas, August 1986; HAZTECH International Meeting,
Denver, Colorado, August 1986; International Associatioa of Hydrogeol-
ogists Meeting, Czechoslovakia, September 1986.

Adjunct Professor, University of Tennessee.
Anne Scales, M.S. candidate, University of Tennessee.

Env_ironmental Geology and Water Sciences (Editorial Board); NSF pro-
posals.

Secretary-Treasurer of the Southeastern Section of the Geological
Society of America; Oak Ridge Associated Universities Review Panel for
the Department of Energy Fellowship Program on Nuclear Engineering
and Health Physics; Radioactive Waste Management Editorial Board,
Environmental Geology and Water Sciences; Oak Ridge Associated
Universities Traveling Lecturer Program.
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International Institute of Applied Systems Analysis Task Force on Risk
and Policy Analysis Under Conditions of Uncertainty.

First Shackelton Point Workshop on Biotechnology Impact Assessment:
Prospects for Biological Containment of Genetically Engineered
Organisms, Cornell Biological Field Station, Bridgeport, New York,
October 1985; 1985 Washington Conference on Environmental and
Health Risk Assessment, Alexandria, Virginia, October 1985; meeting of
ASTM Committee E-47 on Biological Effects and Environmental Fate,
New Orleans, Louisiana, May 1986; Chairman, session on Environmental
Modeling and Exposure Assessment, Tenth American Society for Testing
and Materials (ASTM) Symposium on Aquatic Toxicology and Hazard
Assessment, New Orleans, Louisiana, May 1986; Environmental Protec-
tion Agency Ecological Risk Assessment Research Program All Investi-
gators Mecting, Athens, Georgia, August 1986.

Linda Mountain, B.S. candidate, Fort Valley State College, Fort Valley,
Georgia.

EPA (proposals, monitoring plans for genetically engineered microorgan-
isms, and guidelines for a soil microbial community toxicity test); Hud-
son River Foundation proposals; ASTM Tenth Symposium on Aquatic
Toxicology and Hazard Assessment; Environmental Toxicology and
Chemistry, BioScience.

Environmental Sciences Division Scientific Achievement Award Commit-
tee.

Oak Ridge Reservation Resource Management Committee, Martin
Marietta Energy Systems; Environmental Quality Research Award Com-
mittee, American Society of Agronomy; Nevada Applied Ecology Group
Investigators Committee, Nevada Operations Office.

Groundwater Short Course, San Francisco, California, July 1986;
Cleanup Planning and Evaluation, Castle Air Force Base, Merced, Cali-
fornia, July 1986; Cleanup Task Force, Australian/British Information
Exchange, Las Vegas, Nevada, May 1986; Technology Transfer Meeting,
Nevada Applied Ecology Group/Uranium Mill Tailings Remedial Action
Program work session, Las Vegas, Nevada, July 1986.

Grouting Demonstration Program, EG&G-Idaho, Idaho Falls, Idaho;
Environmental Assessment Department, Electric Power Research Insti-
tute, Palo Alto, California; Remedial Action on Contaminated Lands,
Rocky Flats Plant, Colorado.
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Nuclear Technology.
Review Editor, Biogeochemical Cycling in Walker Branch Watershed.

Natural Sources Task Group, Interagency Task Force on Acid Precipita-
tion; Clean Air Scientific Advisory Committee, Scientific Advisory
Board, of the Environmental Protection Agency.

U.S. Department of Energy Workshop on Research Priorities in Terres-
trial Plant Ecology, Fort Worden, Washington, October 1985; U.S.
Forest Service Workshop on Research Planning for Studying Atmos-
pheric Deposition on Deciduous Forests of Eastern United States, Down-
ington, Pennsylvania, January 1986; Session Chairman, Environmental
Protection Agency Workshop on Forest Tree Exposure Methodologies,
Corvallis, Oregon, January 1986; National Acid Precipitation Assessment
Program Workshop on Dry Deposition, Harper’s Ferry, West Virginia,
March 1986; American Society of Plant Physiologists, Baton Rouge,
Louisiana, June 1986; Second European Open-Top Chamber Workshop,
Freiburg, Federal Republic of Germany, September 1986; International
Union of Forest Research Organisations Symposium on Whole-Plant
Physiology, Knoxville, Tennessee, October 1986.

Water, Air, and Soil Pollution, Trends in Ecology and Evolution,
Environmental and Experimental Botany; proposals: DOE and NOAA.

Sigma Xi Nominating Committee.

Rural Abandoned Mine Program (RAMP) Reclamation Committee for
Tennessee; document reviewer for U.S. Synfuels Corp./U.S. Treasury.

Preparation of Environmental Assessment for Renewal of Special
Nuclear Material License for Nuclear Fuel Services, Erwin, Tennessee;
Draft Environmental Impact Statement related to the operation of South
Texas Project, Units 1 and 2; Preliminary Draft Environmental Assess-
ment for the Relocation of the Air Force Engineering Services Center
Contingency Training Facility, Eglin Air Force Base, Florida; Prelim-
inary Assessment of the Health and Environmental Impacts of Incinerat-
ing M55 Rockets Stored at Pine Bluff Arsenal, Lexington-Blue Grass
Depot Activity, and/or Anniston Army Depot at Pine Bluff Arsenal;
Preliminary Assessment of the Health and Environmental Impacts of
Transporting M55 Rockets from Lexington-Blue Grass Depot Activity,
Anniston Army Depot, and Umatilla Depot Activity to Alternative
Disposal Facilities; Preliminary Assessment of the Health and Environ-
mental Impacts of Continuing to Store M55 Rockets at Lexington—Blue
Grass Depot Activity, Anniston Army Depot, Umatilla Depot Activity,
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Pine Bluff Arsenal, and Tooele Army Depot; Chemical Stockpile Dispo-
sal Program Draft Programmatic Environmental Impact Statement;
long-term problems of land contaminated by nonradioactive hazardous
chemicals: sources, impacts, and countermeasures; standard format and
contents of environmental reports for the License Renewal of Fuel Fabri-
cation and UFs Conversion Facilities; standard review plan for Environ-
mental Assessment of Nuclear Fuel Cycle Facilities; unpublished final

report for basewide environmental monitoring at Vandenberg Air Force
Base, California.

Rock Creek Watershed Petition Evaluation Document/Environmental
Impact Statement; Office of Surface Mining Draft Statement.

Preparer, membership directory for American Society for Surface Mining
and Reclamation.

Panel member, Working Group II (Cycling of Carbon and Other Radia-
tively Active Constituents) in the International Conference: An Assess-
ment of the Role of Carbon Dioxide and of Other Greenhouse Gases in
Climate Variations and Associated Impacts, Villach, Austria, October
1985; ORNL Professional Education Resource Committee for Life Sci-
ences.

Editor, Proceedings, Sixth ORNL Life Sciences Symposium, The Chang-
ing Carbon Cycle: A Global Analysis, Knoxville, Tennessee,
October—November 1983, completed in March 1986; Coordinator /Editor:
State-of-the-Art Report on Global Carbon Cycle Research: Atmospheric
Carbon Dioxide and the Global Carbon Cycle, Department of Energy,
completed in January 1986.

American Geophysical Union Meeting, San Francisco, California,
December 1986; Nuclear Regulatory Commission (NRC) Geochemistry
Workshop, Bethesda, Maryland, January 1986; NRC Geochemistry
Workshop, Silver Spring, Maryland, May 1986; Gordon Conference on
Environmental Sciences, New Hampton, New Hampshire, June 1986;
American Chemical Society National Meeting, Anaheim, California,
September 1986; Cray Computing Course, University of Tennessee,
Knoxville, September 1986; Hypercube Conference, Knoxville, Tennessee,
September—October 1986.

Journal of Colloid Interfacial Science; DOE and NSF proposals.
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Oak Ridge Interim Action Study Group; Y-12 Subcontractor Sampling
and Analytical Chemistry Audit Team.

International Conference on Heavy Metals in the Environment, Athens,
Greece, September 1985; 2nd Annual Acid Rain Conference for the
Southern Appalachians, Gatlinburg, Tennessee, October 1985; annual
review, Electric Power Research Institute, Aluminum in Streams Study,
Washington, D.C., April 1986.

Mari Ann Zeiler, B.A. candidate, Carleton College.

Proposals: NSF, Martin Marietta Energy Systems.

U.S. Department of Energy REFLEX Planning Meeting, University of
Delaware, Lewes, Delaware, October 1985; Soil Science Society of
America Annual Meeting, Chicago, Illinois, December 1985; National
Council on Air and Stream Improvement (NCASI) Operating Commit-
tee Task Group on Air Quality and Forest Health, Oak Ridge, Tennes-
see, December 1985; Environmental Protection Agency Watershed Mani-
pulation Project Planning Meeting, Oak Ridge, Tennessee, December
1985; Direct/Delayed Response Project (DDRP), Northeast U.S. Field
Sampling Wrap-Up Meeting, Las Vegas, Nevada, January 1986; Aquatic
Effects Assessment Briefing of L. Kulp, J. Malanchuk, and C. Riorden,
Washington, D.C., January 1986; DDRP Southern Blue Ridge Province
Soil Correlation and Sampling Unit Workshop, Corvallis, Oregon, March
1986; DDRP Soil Sampling Training Workshop, Knoxville, Tennessee,
March 1986; Scientific Committee on Problems of the Environment
Workshop on Acidification in the Tropics, Caracas, Venezuela, April
1986; DDRP Data Management-Verification—Validation Workshop, Cor-
vallis, Oregon, May 1986; Electric Power Research
Institute-Environmental Protection Agency—National Council on Air and
Stream Improvement (EPRI-EPA-NCASI) Soil Weathering Workshop,
Knoxville, Tennessee, May 1986; DDRP Level III Analysis Workshop,
Corvallis, Oregon, June-July 1986; DDRP Data
Management—Verification—Validation workshops, Oak Ridge, Tennessee,
July—-August 1986; DDRP Watershed Data Aggregation Workshop, Oak
Ridge, Tennessee, September 1986.

Alan Stam, Ph.D. candidate, University of Tennessee.

Proposals: EPA, TVA, NAPAP; Forest Science, Journal of Environmen-
tal Quality, Science, Soil Science Society of America Journal.
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Oak Ridge Operations Industrial Hygiene Advisory Committee meetings.

Research Associate Professor, Zoology Department, University of
Tennessee.

Advisor to numerous Department of Energy facilities, the U.S. Navy,
and various industries on the control of Legionella and Acanthamoebae.
Also advisor for Elizabeth Domingue, M.S. candidate, Environmental
Health Department, East Tennessee State University.

Proposals: Environmental Protection Agency, Hudson River Foundation,
and U.S. Army.

Northern States Power, Minneapolis, Minnesota; Illinois Power Com-
pany, Decatur, Illinois; Charles C. Main, Inc., Boston, Massachusetts.

Planning Committee for the Fourth Southern Biomass Research Confer-
ence, Athens, Georgia, October 1986.

Southern Regional Biomass Program Advisory Committee; Southern
Biomass Research Conference Planning Committee.

Program Management Team, Biomass Production, Biofuels and Munici-
pal Waste Technology Division, Department of Energy.

Adjunct faculty member, Graduate Program in Ecology, University of
Tennessee.

Associate editor, Biomass.

Environmental Sciences Division Awards Coordinator.

Aquatic Effects Task Group of the National Acid Precipitation Assess-
ment Program; Environmental Sciences Division Scientific Achievement
Award Committee,

Second Annual Acid Rain Conference for the Southern Appalachians,
Gatlinburg, Tennessee, October 1985; Electric Power Research Institute
Aluminum Stream Study, annual review, Washington, D.C., April 1986;
peer review of Environmental Protection Agency’s Watershed Manipula-
tion Project, Atlanta, Georgia, June 1986; Lake Acidification and
Fisheries Workshop, Oak Ridge, Tennessee, May 1986.

Faculty Associate, University of Tennessee; Adjunct Faculty, University
of Wyoming.
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Canadian Journal of Fisheries and Aquatic Sciences, Estuaries, Trans-
actions of the American Fisheries Society; International Symposium on
Common Strategies of Anadromous and Catadromous Fishes; National
Acid Precipitation Assessment Program; proposals: NSF, EPA
Watershed Manipulation Project.

American Geophysical Union Meeting, San Francisco, California,
December 1985; SRP/NRC Waste Package Meeting, Columbus, Ohio,
January 1986; American Geophysical Union Meeting, Baltimore, Mary-
land, May 1986; American Chemical Society Meeting, Anaheim,
California, September 1986; LLNL Workshop on Geochemical
Modeling, South Lake Tahoe, California, September 1986.

Proposals: National Science Foundation; Environmental Geology and
Water Sciences, Journal of Geophysical Research.

Natural Subgroup for Department of Energy—Oak Ridge Reservation
Resource Management Organization.

Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA)/Superfund Law and Regulations Course, Washington,
D.C., October 1985; Resource Conservation and Recovery Act (RCRA)
Regulations Course, Washington, D.C., October 1985; ORNL Manage-
ment Resource Development Course: Interpreting Monthly Cost Reports,
October 1985; Sixth National Conference and Exhibition on Manage-
ment of Uncontrolled Hazardous Waste Sites, Washington, D.C.,
November 1985; SAS Course on Programming for New Computer Users,
Cary, North Carolina, December 1985; ORNL Management Resource
Development Course: Management of Meetings, April 1986; Environ-
mental Protection Agency STORET Training Course, Oak Ridge,
Tennessee, August 1986.

Nuclear Safety.

Society of Environmental Toxicology and Chemistry (SETAC) Annual
Meeting, St. Louis Missouri, November 1985; SETAC, Executive Com-
mittee Meeting (Chair), Washington, D.C., January 1986; SETAC
Board of Directors’ meetings (Chair), Washington, D.C., March, June,
September 1986; SETAC Ozark-Prairie Regional Chapter Annual Meet-
ing, Columbia, Missouri, May 1986; Robert S. Kerr Environmental
Research Laboratory Seminar, Oklahoma City, Oklahoma, April 1986;
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National Academy of Sciences/National Research Council Committee
on Environmental Risk Assessment of Pyrethroids, Washington, D.C.,
January and March 1986, and Willamsburg, Virginia, July 1986;
Southeastern Symposium on In-situ Treatment and Immobilization of
Hazardous and Radioactive Wastes, Knoxville, Tennessee, June 1986;
Contaminant Mobility Working Group of the U.S. Army Corps of
Engineers, Waterways Experiment Station, the Netherlands Organization
for Applied Scientific Research; and the Delta Institute of Hydrobiologi-
cal Research, September 1986, Rotterdam, Netherlands.

Faculty Associate in Ecology and member of the Toxicology Steering
Committee, University of Tennessee.

S. S. Talmage, Ph.D. candidate, University of Tennessee; L. J. Meyers,
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Symposium on Nonequilibrium Community Ecology, Ecological Society
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Workshop on Directions for Internationally Compatible Environmental
Data, McGill University, Montreal, Quebec, Canada, May 1986; Forest
Effects Workshop, Environmental Protection Agency, Corvallis, Oregon,
October 1985; International Institute for Applied Systems Analysis
Modeling Data Meeting, Tetra Tech, Inc., Lafayette, California,
December 1985; NE Soil Survey Wrap-Up Meeting, Environmental Pro-
tection Agency, Las Vegas, Nevada, January 1986; SE Soil Survey Map-
ping and Site Selection Workshop, Environmental Protection Agency,
Corvallis, Oregon, March 1986; SE Field Training Protocol Workshop,
Environmental Protection Agency, University of Tennessee, Knoxville,
Tennessee, March 1986; Directions for Internationally Compatible
Environmental Data Workshop, CODATA, McGill University, Montreal,
Quebec, Canada, May 1986.

Environmental Sciences Division Seminar Committee; ORNL Hydrofrac-
ture Facility Remedial Action Quality Assurance Team.
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Preparation of Final Environmental Impact Statement, South Texas
Nuclear Power Plant, Operating License; Draft Environmental Impact
Statement, Owens River Basin, Seven Hydroelectric Projects, California;
Environmental Analysis, Pleasant Bayou Geopressure Well Utilization
Project; Risk-Benefit Analysis, Implementation Risk to Ecological
Resources of Remedial Action Options at Four Sites on the Oak Ridge
Reservation.

NSF proposals; Entomology Society journals, Journal of Environmental
Quality, Biotropica, The Environmental Professional.

Program Chairman for Association of Women in Science, East Tennessee
Chapter; Energy Committee, Poplar Council of the United States; Vice
President, Tennessee Citizens for Wilderness Planning.

International Union of Forestry Research Organisations Symposium on
Tree Physiology, Knoxville, Tennessee, October 1985; Northeast

Regional Biomass Program Steering Committee Meeting, September
1986.

Small Business Innovation Research proposal for the Department of
Energy.

American Society of Civil Engineers Subcommittee N-173.

Water Resources; proposals: NSF, DOE, USGS, American Society of
Civil Engineers Committee on Hydrologic Transport and Dispersion.
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ABSTRACT

AUERBACH, S. I, et al. 1985. Environmental Sciences Division Annual Pro-
gress Report for Period Ending September 30, 1984. ORNL-6140. Oak Ridge
National Laboratory, Oak Ridge, Tennessee. 216 pp-

The principal objectives of the Environmental Sciences Division (ESD) of Oak Ridge National
Laboratory (ORNL) are to conduct research on the environmental aspects of existing and emerging
energy systems and to utilize this information to ensure that technology development is consistent
with national environmental health and safety goals. ESD performs basic and applied research,
environmental assessments, environmental engineering and demonstration, technology and opera-
tional support, and program management for the U.S. Department of Energy (DOE), other federal
and state agencies, and industry. ESD works collaboratively with a number of federal agencies,
universities, and the private sector in accomplishing its programs. The Division offers an interdisci-
plinary resource of staff and facilities to address complex environmental problems. ESD is currently
providing technical leadership for four major environmental issues of national concern: acidic depo-
sition and related environmental effects, the global carbon cycle and CO,-induced climatic effects
on ecosystems, hazardous chemical and radioactive waste disposal R&D, and development of com-
mercial biomass energy production systems. This progress report outlines ESD’s accomplishments in
these and other energy support areas for FY 1984.

ESD has a major role in research on and assessment of the effects of acidic deposition as a
part of the National Acid Precipitation Assessment Program. The Division’s long history of
research on ecosystem processes has resulted in its staff scientists playing leading roles in research
efforts related to both terrestrial and aquatic ecosystem responses to acidic deposition. Support for
acidic deposition research and assessment activities in the Division is broad based, including DOE,
the U.S. Environmental Protection Agency, and the Electric Power Research Institute.

Research in the Aquatic Ecology Section emphasizes development of a scientific basis for
evaluating the effects of energy technologies on freshwater ecosystems. In FY 1984 research
focused on the ecological processes regulating the cycling of nutrients and contaminants in streams
and reservoirs. Work continued on a multiyear study on the effect of acid precipitation on the
mobilization of aluminum and its transport in streams. Studies were initiated to document the effi-
cacy of a series of remedial actions being undertaken to improve environmental quality in Bear
Creek Valley on the Oak Ridge Reservation.

Environmental research and engineering activities of the Earth Sciences Section in support of
DOE’s Oak Ridge facilities expanded during FY 1984 as significant increases in ESD participation
at the Y-12 Plant occurred. In addition, programs supporting ORNL in radioactive waste manage-
ment strategy and operations continued with efforts toward the possible opening of two disposal
areas and corrective measures for older areas. Construction has been completed on two subsurface
weirs that will be used to study the movement of groundwater and transport of contaminants in
macropores and as interflow. These facilities will provide a new opportunity to obtain data on the
spatial and temporal variations that appear to dominate the flow of groundwater in the unsaturated
zone in many regions. The dominant role of atmospheric deposition in supplying several trace
materials to forests was established through a program of direct measurement. The results highlight
the importance of atmospheric deposition not only for possible contamination of forests but also for
their nutrient supplies.
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Major activities of the Environmental Analyses Section this year included technical analyses of
the environmental consequences of hydroelectric development, nuclear waste disposal, aqueous and
airborne chemical effluents, and acidic deposition. Highlights include (1) management and analy-
sis of national data sets developed to assess the impacts of acidic deposition, (2) completion of a
major study of the applicability of aquatic habitat evaluation models in southern Appalachian trout
streams, (3) development of impact analyses of proposed hydroelectric development in Alaska and
California, (4) development of new approaches to quantify landscape patterns, and (5) technical
review of analyses developed to select repository sites for high-level nuclear waste under the
Nuclear Waste Policy Act.

Research activities in the Terrestrial Ecology Section are focusing on major environmental con-
cerns associated with acid precipitation, global carbon, renewable energy systems, and transport of
trace contaminants in terrestrial systems. Recent activities in these areas include utilizing tree rings
for detecting anthropogenic stress, simulating forest growth and development in response to such
stress, and establishing terrestrial pathways of radionuclides and organic contaminants.

The research activities of the DOE-sponsored Biomass Production Program have been consoli-
dated in ESD. Approximately 75% of this work was subcontracted research that focused on R&D
on herbaceous and woody plants as potential energy crops, with strong components in genetics, cul-
tural techniques, and economic evaluation. The remaining work involves in-house activities that con-
centrate on program management, site-specific nutrient and environmental studies, and regional
resource and economic assessments, all of which more clearly identify the potentials and concerns
associated with growing biomass for energy.

The DOE Global Carbon Cycle Program continued to provide direct assistance to DOE’s Car-
bon Dioxide Research Division in (1) monitoring the progress of ORNL subcontracts, DOE con-
tracts, and in-house projects; (2) identifying research needs to support global carbon cycle model
development; and (3) recommending methods for fulfilling these needs. Research in FY 1984
continued to improve our understanding of the terrestrial component of the carbon cycle, and sup-
port for oceanic research, including measurement programs and three-dimensional modeling, was
substantially expanded. An additional activity this past year involved the drafting of a DOE state-
of-the-art report on global carbon cycle research, with contributions from an international team of
authors and reviewers.
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